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hag ab See . a round Told Bo- W 
25 Wait every, Part of its Sur- Sphere or glg 
face — — fant from a Point, \ 
* Within i it, called its cmer; and it may be con- 
ceiyed, to be formed by the Reygurion of a se- 
Ainet round its, Diameter. 


Any, oh Ie paſſing at through the Center of Pax "Great c reley 1 
Sphere, there 1 . — it into decent Parts or 1 : 
Segments, is cal at Cycle; and the Segments eee. 
of the Sphere ſo Jie. are called Hemiſpher es. 

Every Great Circle has its Poles and Axis. An 
| The Pofes of à Great Circle, are two Points on r, _ 
»4 51 T4 ; 
| the Surface. of the Sphere diametrically oppofite 
to one another, and every where equally diſtant from. he, fai! 


Circle. 
The Ai of a Circle is Aa right Line paſting cen Kn ale "of 
through the Center of the Sphere, and th roug bo 


| the Poles of rhe. ſaid Circle; and 1 78 rpendicular ta; 
| the Plane thereof. / * pe pe adler tg, 


All Circles bean 3 the Poles of. any. gre Gre > 
interſect it in two Places, diametrically oppoſite, 505 toy 
and alſo at right Angles; and with reſpect to che Benden. 
ſaid VOTE Circle, they may — its Kcunlerien. » » + i Al 


4 
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2 The Deſcription and Uſe 

All Circles dividing the Sphere into two une? 

Parallel or le. qual Parts, are called (fer or paraliel Circles, and are 

ſer Cireles. © yſually denominated” by that Great Circle, to 
which they are parallel. 

The Earth being globular, its ourward Parts, as the ſeveral 
Countries, Seas, Tc. are beſt, and moſt naturally repreſented up- 
on the Superficies of a Globe; and when ſuch a Body has the 

outward Parts of the Earth and Sea delineated 

Terreſtrial upon its Surface, and placed in their natural Or- 
Globe. der and Situation, it is called a Terreftriat Globe. 

The Celeſtial Bodies appear to Ex as if they were 

all placed in the ſame Concave Sphere; therefore Aſtronomers 

place the Stars according to their reſpective Situations and 

Mag uitudes; and alſo the Images of the Conſtellations, upon 

the external Surface of a Globe; for it anſwers the Purpoſes 

as if they were placed within a concave Sphere, if we ſup- 

- poſe the Globe to be tranſparent, and the Eye placed in the 

Center. A Globe having the Stars placed upon 

Celeſtial Globe. its Surface, as above deſcribed, is called a celsſtia 

Globe. Theſe Globes are both placed in Frames, 
with other Appurtenances, as-ſhall be deſcribed in a proper 


Place. 
The principal Uſes of theſe Globes, (befides 
The Van a their ſerving as Maps to diſtinguiſh the outward 
Hes of theGlobs parts bf the Earth, and the Situations of the fixed 
| Stars) is to explain and reſolve the Phanomena 
arifing from the diurnal Motion of the Earth round its Axis. 
It is agreed on by the modern Mathematicians, that theDiftance 
of the Earth from the sun, is no more than a Point, when com- 
; pared with the immenfe Diſtance of the fixed Stars; 
There will be therefore let the Earth be in what Point ſoever 
the ſame Pro- of her Orbit, there will be the ſame Proſpect of 
_y 5 the Heavens, as a Spectator would obſerve, did he 
her the Spec. reſide in the Sun: And if ſeveral Circles be ima- 
zator be placed gined to paſs rhro* the Center of the Earth, and 
en the Earth others, parallel to them, be conceived to paſs 
er in the n. thro* the Center of the Sun, theſe Circles in the 
Heavens will ſeem to coincide, and to paſs exact. 
ly thro' the ſame Stars. Wherefore as to the Appearances of 
the fixed Stars, it is indifferent whether the Earth or the Sun 
be made the Center of the Univerſe, But becanſe ir is from 
the Earth that we always obſerve the Celeſtial Bodies, and their 
apparent Motions ſeem to us to be really made in the Heavens, 
it is more natural in explaining the Phznamene arifing from 
theſe /Motions, to place the Earth in the Center. And again, 


becauſe the Semidiameter of the Earth, when compared to her 
| | Diſtance 
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' Diſtance from the Sun, is of no ſenfible Magnitude, any Point 
upon the Earth's Surface, let her be in what Part ſoever of her 
orbit, may be conſidered as being the Center of the Univerſe. 
Upon theſe Prineiples, the different Phænomena ariſing from 
the diurnal Motion of the Earth, and the different Situation 
of a Spectator upon its Surface, are very naturally illuſtrated 
and explained by the Globes. KY 171 

As to the Alcerations of Seaſons, Cc. ariſing from the an- 
nual Motion of the Earth raund the sun, it is indifferent 
which we 9 to move, the Earth, or the Sun; for in 
both Caſes, the Effect will be the ſame: Wherefore becauſe it 
is the Sun, that appears to us to move, we ſay the Sun is in 
ſuch a Part of the Ecliptic, without attributing any Motion 
to the Earth, any more than if ſhe had actually been at reſt, 

For the ſame Reaſon we ſay, the Sun riſes, or the Sun ſets; 
by which we mean, that he begins to appear or diſappear, 
without conſidering in the leaſt how theſe Effects are produced. 
Theſe Things are here mentioned, to obviate the Objections 
that are ſometimes made by Beginners, after they had been 
told that the Sun ſtands ſtill. 
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An Explanation of the Circles of the Sphere, and 
of ſome Aftronomical Terms ariſing therefrom. 


s . — 


I 


N Order to determine the relative Situations of Places 
upon the Earth, as well as the Poſitions of the fixed Stars, 
and other Celeſtial Phænomena; the Globe of the Earth 
is ſuppoſed to be environ'd by ſeveral imagina- wy 
ry Circles, and theſe are called, the Circles of the The Circles 'of 
Sphere. Theſe imaginary Circles are either fixed, 4 Pbere. 
and always obtain the ſame Poſition in the Hea- 

— or moveable, according to the Poſition of the Ob- 
erver. 

Thoſe Circles that are fixed, owe their Origine to the two- 
fold Motion of the Earth; and are the Equator, the Ecliptic, 
with their Secundaries, and Parallels, Theſe fixed Circles are u- 
ſually delineated upon the Surface of the Globes. 

The moveable Circles ate only the Horizon, its Secundaries and 
Parallels: Theſe are repreſented by the Wooden-Frame, _ 
f | B 2 the 
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the Braſs-Ring, wherein the 


of Braſs to be ſcrewed in a proper Place upon the ſaid Ri | \ 
as Occaſion requires. 9 een * f 
; OS R tian Jab FIG. ' 8 
I. Of the Equinoctial. N f 

4 12 . 55 3:0 73 ) 7 vi " 
The Equator I. The Equator or the Equino#ia!, is that Great 0 
Eaainodia. Circle” in the Heavens, in whoſe Plane the Eafth, 
_ performs its diurnal Motion round its Axis; of el 
it is that Great Circle, parallel to which the whole Heavens 1 
ſeem to turn round the Earth from Eaſt to Weſt in 24 Hours 0 
Vote, The Equator and the EquinoCtial are generally ſyno- tl 
nomous Terms; but ſometimes the Equator pafticularly ſigni- di 
fies that Great Circle upon the Surtace of the Earth, which d. 
coincides with the Equinoctial in the Heavens. This Circle u. 
is alſo by Mariners commonly called the Line. W 
The Equinoctial divides the Globe of the Earth, and alſo th 
: the whole Heavens into two equal Parts, North an 
Worthern and ind South, which are called the Northernand Soutbers WW u 
pn. Hemiſphere. The Axis of this Circle is called the 1 
e, Axis of the World, or the Earth's Axis, becauſe the di 
— _ F Earth revolves about it (from Weſt to Eaſt) in 2x A 
r Hours. The Extremes of this Axis are called the ul 


Poles of the Poles of the World, whereof that which lies in the Ti 


wo . ＋ Northern Hemiſphere, is called the North-Pole, and fo 

| the other is called the Suth- Pole. ft. 

2 1 Fe is always delineated u , wi 

on the Surface of each Globe, with its Name at length ex pre Pan 

ſed ; the Axis of. this Cirele or the Farth's Axis, is only an i- Wo 

maginary Line in the Heavens, but on the Globes it is expreſ- Fre 

| Jed by the Wires about which they really turn. The Poles tha 

0 of the World are the two Points upon the surface of the if 

| Globe through which theſe Wires paſs; the North Pole is that ©) 

N which hath the little braſs Circle, with a moyeable Index 35 
{ \ round it; and the, other, oppoſite, to it, is the South a 

| ole. The Northern, Hemiſphere is that wherein the. North * 

| 0 is placed, and the oppoſite one is the Southern Hemis oe 

| Iphere. n! Gs IC rue gy ff EIT ( 

| The Aſtronomers divide all Circles into 360 equal Party F 


called Degrees, each Degree into so equal Parts called Minutes, 23] 

each Minute into 60,Seconds, Cc. But beſides this Diviſion hi 

into Degrees, the Equinectial is commonly divided into 24 d. { 
qual Parts or Hours, each Hour into 60 Minutes, each Minute in- pic o 

to 60 Seconds. c. fo that one Hour is equal to 15 Degrees, each | 

Minute. of Time is equal co 15 Minutes of a Degree, Er. 

* 6 * '4 >; k y 1 £ 2. 
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Wonl, ineerſeatng the Equinoctial at Right-An- ' | 
gles, are with reſpect to any Point in the Heavens Hur  Cirdes, 
called Hour-Circles; and alſo Circles of Aſcenſion, be- — born 2 A 
cauſe the Aſcenſion of the Heavenly | Bodies, fron Fs 
from a certain Point, are by them determined. ans. 
© Theſe Circles are alſo with regard to Places up- 


on the Earth, call'd Meridian. , 2 
The Meridian are commonly drawn upon the Terreſtrial Globe 
thro* every 15 Degrees of the Equinoctial, thereby making an 
Hour difference betwixt the Places through which. they pals. 
On the Celeſtial Globe there are commonly drawn but two of 
theſe Meridians croſſing the Equinoctial in four Points equi- 
diſtant from one another, thereby dividing it into four Qua, 
drants ; but the intermediate ones are here ſupplied, and allo 
upon the Terreſtrial Globe, by the Braſs Circle-in © © ON 
which they are hung, which is therefore called The Braſs M- 
the Braſs Meridian, and ſometimes only the Meridi- 4. 

an; it ſerving for this purpoſe to all the Points 

upon either Globe. „ 1 * 


0 
a 
e There is alſo a little Braſs Circle fixed upon this Meridian, 
E 
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divided, into 24 Hours, having, an Index moveable round the 
| Axis of the Globe to be turned to any particular Hour. The 
ge uſe of this Circle is to, ſhew the Difference 9 
e Time betwixt any two Meridians, and is there- be gan circa 
4 fore called the. Four- Circle. PER 
3. All Circles parallel to the Equinoctial, are Parallels of De- 


with reſpect to any Point in the Heavens, called «ination. 
Fi Parallels of Declination. So that, 8 $T BER 2, . 
i- 4. The Declination of any Point in the Heavens (as the Sun; a 


1 Fed Star, or the like) is an Arch of the Meridian paſſing through 


es that Point, and intercepted betwixt it and the Equator: And 


at 'S Northward 8 5 North 2 „ Dae 
+ 7 her $ ene 5 Dedination North or Sl. 
th f the Parallels of Declination, four are emi- 1 
Th ently diſtinguiſhed by particular Names, viz. P an? 
; e two Tropics, and the two Polar Circle. 
tz 5- The Tropics are on different Sides of the Equator, each 
tef, 23 Degrees and 29 Minutes diſtant from it; that . 
on which lies in the Northern Hemiſphere, is called ns 
d⸗ the Tropic of Cancer; and the Southern one, the Tro- corn. — a 
in- WI Pic of Capricorn. T1 $, FLt 
ch "7 „ „ . PO DT I 
All . "24 90s e gi * 1 0 Theſe 


& 7. f the, GLOBES 4, 
Se , 7. f the De n 


2. All-Circles conceived to paſs through the oles of che 


a 4 5 
> 44 


7 * 
Ls | 
" 

* 


o 


: 


% 
A) 


* 
by 0 
©" Tz * 
, 0 2 4 
und” att r 1 a p Lis 4 


6 De Deſcription and Uſe 
Theſe Circles are the Limits of the Sun's greateſt Declinati. 
on, and are called Tropics, becauſe whenever the Sun arrives 
to them; he ſeems to return back again towards the Equator. 
6. The Polar Circles are each of them at the ſame Diſtance from 
the Poles of the World, that the Tropics are from the Equa- 
: tor, viz. 239 29. That which lies near the North 
Arctic Circle. Pole, is called the Arctic Circle, from Arctos a Con- 
ſtellation ſituated in the Heavens near that Place; 
whence alſo this Pole is ſometimes called the Arctie 
Pole. The other Polar Circle, which is fitu- 
ated near the South Pole, is called the Antarctic Circle; becauſe 
its Poſition is contrary to the other: And the 
3 Gr- south Pole is ſometimes called the Antartic Poles. 
=” | The Tropics and the Polar Circles have each 
their Names expreſſed upon the Globes. ” 


II. Of the Ecliptic, 


. The Ecliptic is that great Circle in whoſe Plans 

the Earth performs its annual Motion round the Sun; 
or, in which the Sun ſeems to move round the Earth once in 
a Year : This Circle makes an Angle with the Equinoctial of 
23 Degrees 29 Minutes; and interſects it in two 


Arctic Pole. 


Ecliptic. 


Eqzinoial oppoſite Points, which are called the Equinofiat 
To Points; and the two Points in the Ecliptie thay 

RN are at the greateſt Diſtance from the Equinoctial 
_— Points, are called the Holſtitial Points. The two Mes 

1 80 ridians paſſing through thoſe Points, are by — 
Colares. of OR — — ; whereof —— 
Equino@al CG. Paſſeth thro* the Equinoctia Points 1s called the 
Lure. me 3 Colure; and that which is at Right-An- 
Solftitial Co- kles to it paſſing through the Solſtitial Points, it 
ture. called the Solftitial Colure. | 


The Ecliptic is divided into 12 equal Parts 
called Signs, each Sign being 3o Degrees, beginning 
from one of the Equinoctial Points, and number 
ed from Weſt to Eaſt: The Names and Character 
of the 12 Signs are as follow : viz. F 

Aries, Taurus, Gemini, Cancer, Leo, 
I. Y 2. N 3. E .-.4-'D 5. K s. M 
Libra, Scorpio, Sggitt zrius, Cupricornus, Aquarim, Piſces. 
7. = 8.m 9. Þ Io. W 11. £3 132. & 
Northern dns. The firſt ſix of theſe are called the Northern dym, 


and poſſeſs that Half of the Echptic which is " 


The Ecliptic 
divided into 


Signs, 


Virgo, 


Sect. 1. of the GLOBES. 7 


the Northward of the Equator ; beginning with the firſt Point 
of Y, and ending with the laſt Point of ny. | 

The latter Six are called the Suthern Signs, be- Southern Signs, 
cauſe they poſſeſs the Southern Half of the Eclip- 
tic, beginning at the firſt Point of , and ending with the 
laſt Point of X. | 

The Diviſion of the Ecliptic into Signs, and the Names of 
the Colures, are particularly exprefſed upon the Globes. 

The Signs of the Ecliptic took rbeir Names from 12 Conſtellati- 
ons ſituated in the Heavens near thoſe Places. It is to be obſerved, 
that the Signs are not to beconfounded with the Conftellations 
of the ſameName : For the Sn of Aries is not the ſame with the con- 
ſtellation Aries; the latter is a Syſtem of Stars digeſted into the Figure 
of a Ram; but the Sign of Aries is only 30 Degrees of the Eclip- 
tic counted from the EquinoRial Point V, (which is reckon'd 
the firſt Point in the Ecliptic) to the Beginning of Taurus: Or, 
it is ſometimes taken for all that Space upon the Celeſtial Globe 


Points of Y and . What has been here 
noted of all the reſt of the Signs. 
The Conſtellations abovementioned were formerly ſituated 
within the Signs, which now bear their Names; but by a flow 
Motion of the Equinoctial Points, being one Degree in 72 Years, 
the Conſtellation Aries has now got into the Sign , and fo 
of the reſt. | So that Piſces is now got into the Sign of TY; this 
ſlow Motion in the Heavens is called the Preceſſon of the Equi- 
noxes. By this Motion, that Star, which we now call the Pole 
0 Ker will in proceſs of Time be to the Southward of London. 
The Poles of the Ecliptic are both ſituated in the 
he Solſtitial Colure, at 23 Degrees, 29 Minutes Di- Poles of the 
n- Wl tance fro:a the Pole of the World; and they take Euek. 
u their Denomination from the Hemiſphere wherein 
they are placed, viz. that which lies in the 


North X North td 
ng Dk oaky Hemiſphere, is ealledthe J Such > Pole of theEcliptic. 


erz The Arctic and Antarctic Circles are deſcribed by the Poles 
Pof the Ecliptie in the Diurnal Motion of the Earth round its 
Axis, whence it ſeems theſe two Circles are called Polar. 
8. All great Circles paſſing through the Poles 
of the Ecliptic, (and conſequently interſecting Circles of Low 
, 7 Right-Angles) are called circles of Longuude: Si,. 
that | 


d of Aries, is to be 


9. The 


contained between the two Circles paſſing through the firſt 
ai 


Lend of 9. The | Longitude of any Point. in the Heaven 


OWE 


> Te Do n e £2 


: 


9 1,2 in (as a Star, or Planer, &c.)-is' an Arch: of the 1 
Kean, tic contained between the Circle of Longirude 
paſſing thro' that Point, and the Equinoctial Point V. 
And that degree of any Sign which lies under the Circle of 

Longirude, paſſing thro* any Star or Planet, is 


Face ef a Star. called the Place of that Star or Planet. 


Note; The Sun never goes out of the Ecliptic 
and it.is.not_uſual to ſay the Sun's Longitude, but we com- 
monly expreſs it the Sun's Place, which is that. Sign, Degree, 


Minute, Cc. of the Ecliptic, which he at any time poſſeſſes. 


10. All Circles conceived to be drawn parallel to the Eclip- 
tic, are called Parallels of Latitude: So that, „ ee 
11. The Latitude of any Point in the Heavens 


| Latitude of 4 (as a fixed Star, Cc.) is an Arch of the Circle of 


Longitude, paſſing thro' that Point, and interce 

| red betwixt it and the Ecliptic ; or, the Latitude 
is the Diſtance from the Ecliptic: And if the ſaid 
Point be to the Northward of the Ecliptic, it is called North- 
3 3 but if it be to the Southward, it is called South-La- 
titude. 99* 8 a6? „ | 

* Uppn the Terreſtrial Globe none of the Circles of Longitude 
are deſcribed; and upon the Celeſtial, they are commonly 
drawn thro* the Beginning: of every Sin; but they areallſup- 


Star, &c. 


- 


- . plied upon both Globes, by faſtening a thin Plate of Braſs 


two Sorts, the Senfible and the Rational. 


over one of the Poles of the Ecliptic., and ſo as to be moved 
to any Degree thereof at pleaſure. The Parallels of Latitude 
are allo ſupplied by the Graduations upon the ſaid Plate, as 
ſhall be ſhewed in a proper Place. | 5 

We have now done with all thoſe Circles that are fixed; 
and ſuch as are drawn upon the Globes themſelves; we next 
proceed to the moveable Circles. 1 


III. Of the Horizon. - 
12. The Horizon is that great Circle which. di 
vides the upper or viſible Hemiſphere of the World, 
from the lower or inviſible : This Circle is diſtinguiſhed into 


5 ü 1 | 


The Senſible or Apparent Horizon is that Circle which 
limits or terminates our Proſpect, whether we 
are at Land or Sea, reaching as far as we can fee} 
or it is that Circle where the Sky. and the Barth 
or Water ſeem to meet. When we are on Terra Firma, this 
Circle commonly ſeems rugged and irregular, occafion'd by 
tliẽ unevenneſs of the Ground rerminating out Proſpect; but 


at Sea there are no ſuch Irregularities. The Semidiameter © 
t 


Senſible Hori- 
Aon. 
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this-Circle vatieth according to the Heighth of the Eye of the 
obſerver; if a Man of Six Foot high ſtood upon a large Plane, 
or the Surface of the Sea, he could not fee above three Miles 
round. i b 72 bot H. 217] 70 4 
The Senſible or Apparent Horizon is the Extremity of the Earth, 
that bounds our Sight, which for the moſt part is uneven z and 
at Sea is of a greater or leſs extent, 8 the Eye is higher or lows 
er: And ſnppofing a Degree of the Circumfetence of the Earth 
to be 365000 Feet, Logdan-Meaſute, (as agreeing with the moſt 
accurate Obſervations yo made) then, will the Circumference 
be 26280 Miles, each of 500 Feet, and conſequently the Semi- 
diameter of rhe Earth will be about 4365, 188 Miles. 

And therefore the Eye, at the Heighth of ; Feet above the 
Surface of the Water, will ſee but 2, 262 Miles off: àt 20 Feet 
high, 5, 784 Miles: st 30 Feet, 9, 146 Miles, and at 100 Feet 
high, 12, 932 Miles every way: Or generally, putting d for the 
Diameter of the Earth, and þ for the Heighth of the Eyeabove 
the Surface of the Water, the Setmi-diameter of the Knſbie Ho- 


ridon will be equal to 4/ d+bxb. 

Tho? the Rifing and Setting of the Stars re ſpect the Rational 
Horizon, yet by Reaſon of their vaſt Diſtance, it holds true of 
the Senſible, which is more than 4000 Miles above it. 
This Circle determines rh$ Riſing and Setting of the heaven- 
ly Bodies, and diſtinguiſhes Day and Night. | | 

The Rational or true Horizon is à great Circle N Hin 
paſſing thro*' the Center of the Earth parallel to -e 
the ſenſible Horizon, being diſtant from it by tee 
Earth's Semi-diameter,. which is nothing in Compariſon! of che 
immenſe Diſtance of the Sun and the» fixed” Stars, thefefore 
Aſtronomers make no Diſtintion between-theſe*rwo Cireles, 
but confider.the —_— or that Whereln the Sun 
appears to tiſe and ſet, as paſſing throꝰ the Center of th Earth.” 


This Circle is divided by Aſtronomers into fout Qufdrants, 
and each of theſe Quadrats into go Begtees, r. e 
The Four Points quartering this Qircle ure call d Cate * Poinr, 
the Cardinal Points, and are termed the Eaſt; t. J , linen. 
North and Seuth; The Eaſt is that Pointiof the Hot. 
rizon where the sun riſes whenthe ig in the Equinoctialʒ or on 
that Day when he aſcends above ithe Horizon exactly at Six o. 
Clock; and the Weſt is that Point of the Horizon which is di- 
rectly oppoſite to the Eaſt, or where the Sun ſets. when he is 
in the Equinoctial. The Suth 18295 | Degrees diſtant from the 
Fai and Weſt; and is towards that part of the Heavens where- 


in the Sun always appears te us 5 Great Britain at Noon .and 
| the 


' FO 


the North is that Part of the Heavens which is directly oppoſite 
to the Suh. Or the North and South Points of the Heavens 
may be found by turning your ſelf directly either towards the 
Eaſt or the Weſt: If you look towards the «od 52447 
(Vea) we (Non) will be to the right Hand, and the () to the Leh. 
Paints of tha Belides the aforementioned Diviſion of the Horir 
Compaſs, zon into Degrees, Mariners divide it into 32 eq 
Parts. which they call the Points of the Compaſs; ta 
each of which Points they give a particular Name, compoun- 
ded of the four Cardinals, according to what Quarter of the 
Compaſs is. intended. ' k * 
The Center of the Horizon is the Place of Obſervation, and 
the Poles of it are, one exactly over our Heads, 
Zenith, called the Zenith; and the other exactly under our 
Nadir. Feet called the Nadir. | r 
13. All Circles conceived to paſs thro? the Ze- 
Vertical Circles, nith and Nadir, are called Pertical Circles, or Axi- 
mutht. Of theſe Circles. that which paſſes thro! 
ur the North arid South Points of the Horizon is 
Meridian. called the Meridian; ſo that when any Object is 
upon the Meridian, it then bears either due South 
Aximuth.. or due North from us; and the Azimuth of 
any Object is an Arch of the Horizon intercep- 
ted between the Vertical Circle pafling thro it. and either the 
North or Soutk part of the Meridian; which Part is common- 
ly ſpecified. ai ateiu g 6 | = 
| Meridian paſſes thro* the Poles of the World, as well 
as thro*. the Zenith and Nadir, and therefore is a Secundary 
both of the, EquithoRial and the Horizon: This Circle divides 
the Globe into the Eaſtern and Weſtern Hemiſpheret; and the Poles 


of it are the Eaſt and Weſt Points of the Horizon. All the hes - 


venly Objects are during one half of their Conrinuanceabove 
the Horizon. in the Eaſtern Hemiſphere, and for the other 
half in the Weſtern ; fo that whenever the sun arrives 7 
the upper part of the Meridian, it is then Noon or Aid dq, 
which is the reaſon why this Circle is called the Meridian; and 
when he comes to the lower part, it is then Mid- night. 

a The vertical Circle paſſing thro* the Faſt and 
Prims-Fertical, Weſt of the Horizon. is called the Prime-Fertical, 
or Circle of Eaſt and-Weſt: ſo that when any Object is upon this 
Circle in the Eaflern Hemiſphere, ir appears due Eaſt; and if it 
be in the Weſtern Hemiſphere ĩt appears due Weſt. RN 


The Deſcription and Uſe > 


— SA II CO_—_ 
—ͤHG—— Ee nn_—n— — — 


————— IE Ts 


Sea. 1. of te GLOBES. 11 
That in the Horizon wherein any Object riſes and 
ſets from the Eaſt or Weſt Points ts called the - 
Amplitude; which for rifing is called Amplitude, Ortive 
and Occafive for Setting; which muſt be alſo deno- 
minated, whether it be Norrherly or. Southerl7x. 
It may be obſerved, that the Amplitude and Atimutb are much 
the ſame; the Amplitude — rhe bearing of any Object 
when he riſes or ſets, from the Eaſt or Weſt Points of the Ho- 
rizon; and the Azimuth the bearing of any Object, when it is 
above the Horizon, either from the North or South Points 
thereof. As for Example, if an Object riſes ar ſets within 25 
Degrees of the Eaſt or Weſt. ſuppoſe towards the South, we 
accordingly ſay its Amplitude is 10 Degrees Sautherly; but if 
an Object, thit is of any Height above the Horizon ſhould be 
in the Vertical Circle paſſing thro the aforementioned Point, 
we then ſay, its Azimuth is 80 Degrees from the South, or 100 
Degrees from the North, both which Expreſſions ſignify the 
ls” 2 wh i | | 
14. All Circles drawn parallel to the Horizon, «aa 
in the upper Hetniſphere, are called Almic inter, or Almicanters., . 
Parallels of Altitude: $o that the Altitude of any Alita. 
Point in the Heavens. is an Arch of the Vertical  _ ' - 
Circle paſſing thro that Poinr, and intercepted betwixt it and 
the Horizon : and if the 28 upon the Me- 
rilian, it is commonly called the Meridian Altitude, Moidan ith 
Tne Complement of the Altitude. or what it . 
wants of 90 Degrees, is called the Zenith Diſtance. Len Diſtanc, 
The Horizon (Oy which we mean the Ratio- f 
nal) is repreſented by the upper Surface of the Wooden Frame 
v herein the Globes are placed; upon this Horizon are deſeri- 
bed ſeveral Concentric Circles the innermoſt of which is divi- 
ded into fout times go Degrees, beginning at the Eaſt and 
the Weſt Points, and counted both ways to the North and 
South. where they end ar 99 Degrees, The Uſe of theſe Divi- 
Fons is to ſhew the Amplitudes of the Sin and Stars at their 
Riſing and Setting: Alſo in ſome convenient Place upon this 
Horizon. there are commonly nored the Points of the paſs, 
Without the aforemention'd Circle, there is drawn the Eclip- 
tic, with its Divifions into Signs and Degrees, and a Circle of 
Months and Days: The Uſe of theſe two Circles is to ſerve as 
a Calendar to ſhew the Sun's Place at any time of the Year ; and 
by that means to find his Place in the Eclhtic drawn upon the 
Glohe ir ſelf. n 4 n 
The Y rica! Circkes, and the Parallels of Altitude, are ſupplied by 
a thin Plate of Braſs, having a Nut and Screw at one end, to 
faſten it to the Braſs Meridian —p the Zenith Point; which be- 
2 i; ing 
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ing done, the lower End of it may be put between the Globe 


it lelf and the inner Edge of the Horizon, and ſo turned round 
about to any Point required. The fiducial Edge thereof repre- 
ſenting the Vertica Circles, and the Degrees u pon it, deſcribing 
the Parallels of Altitude. This thin Plate is cal- 
Quadrant of Al. led the Quadrant of Altitude. 31 
e. The Center of the Horizon being the Place of 
| oObſervation, it is evident, that th Circle, and 
all the others belonging to it, are continually changed which 


 -way ſoever we move; wherefore we may ſuppoſe the Horizon, 


with its Secundaries and Parallels, to inveſt the Globe like g 
Rete or Net; and to be moyeable every way round it. This is 
very naturally illuſtrated by the Globesz if we move directly 
North or directly South, the Change made in the Horizon, is 


repreſented, by moving the Braſs Meridian (keeping the Globe 


from turning about its Axis) in the Notches made in the 
Wooden Horizon juſt. ſo much as we travelled, If our Courſe 
Mould be due Faſt or due Weſt, the Alterations made thereby 
are repreſented, by turning the Globe accordingly about its 
Axis, the Braſs Meridian being kept fixed; and if we ſteer be- 
twixt the Meridian and the Eaſt or Weſt Points, then we are 
ro turn the Braſs Meridian, and alſo the Globe about its Axis 
accordingly. The Sum of which is: Let the Spectator be in 
what Point ſoevef of the Earth's Surface, he'll there gravitate 
or tend exactly towards its Center, and imagin himſelf to be 
on the higheſt part thereof, (the unevenneſs of the Ground 
not being here conſidered :) wherefore if we turn the Globe 
in ſuch a manner, as to bring the ſeveral Progreſſive Steps of 
a Traveller ſucceſſively to the Zenith, we ſhall then have the 


 ſacceſlive Alterations made in the . in every Part of 


bis Journey. This Explication being well conſidered, will be 
of help to Beginners to conceive how the Earth is every where 
83 and how Paſſengers can travel quite round it: For 

nce every thing tends towards the Center of the Earth, ve 
are to conceive that Point as being the loweſt, and not to 
carry our Idea of downwards any farther : Thoſe that are dis- 
metrically oppoſite to us. being as much upon the upper part 
of the Earth as we are; there being no ſuch thing in Nature, 
as one Place being higher than another, but as it is at a great- 
er diſtance from the Center of the Earth, let it be in what 
Co ntry ſoever. "43 
We have now done with all the Circles of the Sphere, and 
it may be obſerved, that the Equinoctial, the Ecliptic, and the 
Hori car, with their Secundaries and Parallels, are all alike; and 
3'tering their Poſition, may be made to ſerve for one another. 
Thus, If the Poles of rhe World be brought into the * 


1 
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Nudir; the Equinoctial will coincide with the Horizon, the Meridi- 
ans will be the ſame with the Vertical Circles, and the Parallels of 
Declination will be the Parallels of Altitude. After the ſame man- 
ner, if ſhifting the Poſition we bring the Ecliptic to coincide 
with the Horizon; the Circles of Longitude will be the Nrtical cir- 
cles, and the Parallels of Latitude and Altitude will coincide, 
The Horizon and the Equator may be either Parallel, Per- [ 
dicular, or Oblique to each other. ions. > | 
15. A Parallel Sphere is that Poſition where the Parallel Sphere, 
Equator coincides with the Horizon, and conſe- | 
quently the Poles of the World are in the Zenith and Nadir: | 
The Inhabitants of this Sphere (if there be any) are thoſe who 1 


2 —— © po 


live under the Poles of the World. 
16. A Right or Direct Sphere is that Poſition, where Right Þhere. 
the Equator is perpendicular to the Horizon; the 


4 Inhabitants whereof are thoſe who live under the Equi- 4 
le noctial. 1 
Y ' 17. An Oblique Sphere is when the Equinoctial Obiqne Þhere. 
rs and the Horizon make Oblique Angles with each G 
a other; which every where happens, but under the Equator and 
re the Poles. | | 
18 The Arch of any Parallel of Declination which ſtands 
* the Horizon, is =_ the Diurnal Arch; — 
and the remaining part of it, which is below the Di + 
be Horizon, is called the Nocturnal Arch. us AR 
n 


That Point of the Equinoctial which comes to the 


— ern 2 Part of the Horizon, with any Point in the Hea- 
of des i called the C Qtfenton. © of char Point, counted from 


the Beginning of Y; and if it be in a Right Sphere, the Aſ- 
cenſion or Deſcenſion is called Right; but if it be in an Ob- 


or lique Sphere, it is called Oblique Aſcenſion or Deſcenſion. 
we 5 69. 90p L So thar, 

to 18. The Right Aſcenfion of the Sun, Moon, or any Right Aſcenſion. 
l14e Ker, &c. is an Arch of the Equator contained 

art betwixt the Beginning of V. and that Point of the Equinoctial 


which riſes with them in a-Right Sphere ; or which comes to the 

Meridian with them in an Oblique Sphere. | 
19. Oblique Aſcenſion or Deſcenſion, is an Arch of Oblique 

the EquinoRial intercepted betwixt the Begin- on. 


Aſcenſs 


ind WF ring of Y, and that Point of the Equator which 

the ies or ſets with any Point in the Heavens in an Oblique 
and Wl Sphere. | 5 | | 

her. 209. Aſcenfional Difference is the Difference betwixt enſional Di 

and th? Right and Oblique Aſcenſion or Deſcenſion = * 


and ſhews how long the sun riſes or ſets be- 


1076 or after the Hour of Six. Iv. | 


ti ſicial Day. 
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IV. Of the Diviſion of Time. 


The Parts that Time is diſtinguiſhed into, are Days, How, 
Weeks, Months and Tears. | | 
A Day is either Natural or Artihcial. 8 
A Nutura Dau is the Space of Time elapſed, while the Sun goes 
from any Meridian or Horary Circle, till he ar. 
Natural and Ar- ri ves to the ſame again; or, it is the Time con- 
tained from Noon or any particular Hour, to the 


next Noon or the ſame Hour again: An Artificial 


Day, is the Time betwixt the Sun's Riſing and Setting. to which 


is oppoſed the Night, that is, the Time the Sun is hid under the 

Horizon. E | | 

| The Nztural Day is divided into 24 Hours each 

Hos, &c. Hour into 60 Minutes, each Minute into 60 Seconds, 
c. The Artificial Days are always unequal to all 

the Inhabitants that are not under the Equator, except when 

the Sun is in the Equinoctial Points V and , which happens 


(according io our way of reckoning) about the 1oth of Mars 


and 12th of Hptember; at thoſe Times the Sun riſes at ſix, and 


ſers at fix, to all the Inhabitants of the Earth. 


Equinoxes. Theſe Days are called the Equinoxes or EquinoQtial BW 


| Days; the firſt of which, or when the Sun 1s 1n 
Fernal = Ar the firſt Point of Aries. is called the Verna! Equinox, 
mm Egan and the latter is called the Autunmal Equinox. At 
' all other times of the Year. the Days continually 
lengthen or ſhorten and that faſter or flower according as the 
Sun is nearer to or further from the Equinoctial, until he at- 
ri ves to either of the H/ſtitia! Points S or W. At thofe Times 
the Sun leems to ſtand ſtill for a few Days. and then he begins 
to return with a flow Motion towards the Equinoctial, ſtill 
haftnins his Pace as he comes nearer to it: The Sun enters 
the Tropics of % and M, about the 1oth of June and the 
11th of December. which Days are ſometimes called 
Solſtices. Summer the Solftices; the firſt of which we call the umme 
and Winter Soſtice g.1/tice, and the latter the Winter-wlſtice. 
All Nations do not begin their Day, and rec 
The diFerent Be- con their Hours alike. In Great Britain, France 
Kang fee Db and Sein and in moſt Places in Europe, the Day 
| is reckoned to begin at Midnight, from whence 
are counted 12 Haurs till Noon, then 12 Hours more till Mid- 
night. which make a complete Day: Yet the Afronomers (in 
theie Countries) commonly begin their Day at Noon, and ſo 
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reckon 24 Hours till next Noon, and not twice twelve, accor - 
ding to the vulgar Computation. 

The Babyloniam began their Day at sun. riſing, and reckoned 
24 Hours till he roſe again: this way of Compu- | 
ation we call the Babyioniſb Hours, In ſeveral Babylonith 
Parts of Germany they count their Hours trom Sun e. 


z08 Wſetting, calling the firſt Hour after the Sun has ſer, =p 
ar- the firſt Hour, Cc. till he ſets the next Day, which they call 

on- the 24th Hour: theſe are commonly called the | | | 
the alan Hours. According to both theſe ways of Italian Herr-. 


omputation, their Hours are commonly either a | 
little greater or leſs than the part of a natural Day. in Pro- 
portion as the Sun rifes or ſers ſooner or later in the ſucceeding 
Days: They have alſo this Inconvenience, that their Mid day 


each {and Mid-night happen on different Hours, according to the Sea. 
onds, ons of the Year. | | 
> all The Fews and the Romans formerly, divided the Artificial Days 


and Nights each into 12 equal Parts; theſe are N 
ermed the Fewiſh Hours, and are of different ſewiſh Heu 
engths according to the Seaſons of the Year, 2 
Jewiſh Hour in Summer. being longer than one in Winter, and 
a Night Hour ſhorter. This Method of Computation is now 
in Uſe among the Turks and the Hours are ſtyled the fir# Hour, 
econd Hour, Cc. of the Day or Night; ſo that Aid-day always 
falls upon the fixth Hour of the Day. Theſe '1- 
Hours are alſo called Planetary Hours; becauſe in e- FlanctaryHows 
very Hour one of the Seven Planets was ſuppo- 
ſed to preſide over the World, and ſo take it by turns. The 
firſt Hour after Sun riſing on Sunday was allotred to the Sun; 
the next to Ven; the third to Mercury; and the reſt in order to 
the Moon, Saturn, Jupiter, and Mars. By this means on. the firſt 
Hour of the next Day, the Moon prefided, and ſo gave the 
Name to that Day; and fo ſeven Days by this Method had Names 
given them from tne Planets that were ſuppoſed to govern on 
the firſt Hour. hy | 8011 
A Week is a Syſtem of ſeven Days, in which each Day is diſ- 
tinguiſhed by a different Name. In moſt Conn- © 
tries, theſe Days are called after the Names of 4 . 
the Seven Planets. as above noted. All Nations 
that have any Notion of Religion, ſer apart one Day in ſeven 
for public Worſhip; the Day ſolemnized by Chriſtian is Sunday, 
or the firſt Day of the Week, being that on- which our Saviour 
roſe from the Grave, on which the Apoſtles afterwards uſed 
more particularly ro aſſemble together to perform divine Wor- 
ſhip. The Few obſerved Saturday, or the ſeventh Dav of the 
Week, for their Sabbath or Day of Reſt, being that appointed 
in 
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in the fourth Commandment under the Law. The Turks per: 
form their religious Ceremonies on Friday or the 6th Day of 


the Week. 4 A 12 
A Month is properly a certain Space of Time 
Hf Mouth meaſured by 5 — in = C_ round the 
teat Earth. A Lunar Month is either Periodical or gm 
_— —_— dical. A Periodical Month is that Space of Time the 
| | Moon takes to perform her Courſe from one 
Point of the Ecliptic till ſhe arrives to the ſame again; which 
is 27 Days and ſome odd Hours: And a Smodica! Month is the 
Time berwixt one new Moon and the next new Moon, which 
is commonly about 294 Days, But a Civil Month is different 
from theſe, and conſiſts of a certain Number of Days, fewer 
or more, according to the Laws and Cuſtoms of the Country 
wherein they are obſerved, U s ; | 
The completeſt Period of Time is a Far, in which all the 
4 Variety of Seaſons return, and afterwards begin 
A Tear Sydereal a-new, A Tear is either Aftronomicat or Civil. Att 
and Tropical. Aſtronomical Tear is either 2 Hdereal, wherein the 
Sun departing from a fixed Star, returns to it a- 
gain; or, Tropical, which is the Space of Time the Sun takes to 
perform its Courſe from any Point of the Ecliptic till he re- 

turns to it again. | 's 35 
A Tropical Tear conſiſts of 365 Days, 5 Hours, and 49 Minutes; 
this is the Time in which all the Seaſons completely return, 

which is a ſmall matter leſs than a Sydereal Year. 
The Civil Tear is the fame with the Political eſtabliſhed by the 
Laws of a Country, and either moveable or immoveable. The 
moveable Year conſiſts of 365 Days, being leſs 
Egyptian Tear. than the Tropical Year by almoſt fix Hours; and 
is called the Egyptian Tear, becauſe obſerved in that 

Country. FRY | * 
The Romans divided the Year into 12 Kalendar Months, to 
which they gave particular Names, and are ſtill retained by moſt 
of the European Nations. viz. Fanuary, February, March, Aprit, May; 
Fune, Fuly, Auguſt, Sptember, October, November and December. The 
Number of Days in each Month may be known by the follow 


ing Verſes : pc 

EE] 24 

th 

Thirty Days bath September; | |; ot 
April, June. and November; 

February hath Twenty-Eight alone, : th 

Ani all the reſt baue Thirty One. 0 1 

”, . t | 
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The Year is allo divided into four Quarters or Seaſons, viz. 
The Spring. Summer, Autumn and Winter. Thele Quarters a: e pro- 
zerly made, when the Sun enters into the Equinoctial and Sol- 
itial Points of the Ecliptic; But in civil Uſes they are diffe- 
ently reckon d, according to the Cuſtoms of feveral Cyun- 
ries. In Englund we commonly reckon the firſt Day of Jatuiry 
o be the nrit in the Year, which is therefore vulgarly called 
-w-jedr's-Day 3 but in Political and Ecclefiaſtical Affairs, the Year 
s reckoned to commence on Lady Day, (ſo called) which is the 25th 
pf March; and from thence to Milſummer-Day, which is the 
4th. of June, is reckoned the firſt Quarter; from Midſummer- 
Day to Michaelmas-Day, which is the 29th of September, is the ſe- 
ond Quarter; the third Quarter is reckon'd from Michselmas- 
Day to Chriſtmas-Day, which is the 25th of December; and from 
Chriſtmas-Day to Lady-Day, is reckoned the laſt Quarter in the 
Year. In common Affairs. a Quarter is reckoned from a cer- 
tain Day to the ſame in the fourth Month following. Some- 
times a Month 1s reckoned four Weeks or 28 Days, and ſo a 
Quarter 12 Weeks. To all the Inhabitants in the 


— 8 Hemiſphere, their Midſummer is properly when 
the Sun appears in theTropic of 3 — and their Midwinter 


the oppoſite Time of the Vear. But thoſe who live under 
the Equinoctial, have two Winters, viz. when the Sun is in ei- 
ther Tropic; tho' indeed properly there is no Seaſon that may 
be called Winter in thoſe Parts of the World. 

The Egyptian Year of 365 Days, being leſs than the true 
Solar Year, by almoſt ſix Hours, it follows that four ſuch Years 
are leſs than four Solar Years, by a whole Day; and therefore 
in 365 times four Years, that is. in 1460 Years. the Beginning 
of the Years moves through all the Seaſons, To remedy this 
Inconveniency, Fulius Caſar 6 that the ſix Hours 
which remain at the End of every Year, will in four Years 
make a natural Day) ordered that every fourth Year ſhould 
have an intercalary Day, which therefore conſiſts of 366 Days; 
the Day added was put in the Month of Ebruary. by poſl- 
poning St. Matthizs's Day, which in common Years falls on the 
24th. to the /235th of the ſaid Month: All the fixed Feaſts in 
the Year from thenceforwards. falling a Week-day later than 
otherwiſe they would. - 

According to the Reman Way of reckoning, Biſlextile or 
the 24th of February was the fixth of the Kalends Leap Tear. 
of March, and it was ordered that for this Year 1 
there ſhould be 9 Sixths, or that the Sixth of the Lale, 

| | D | 0 
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of March ſhould be twice repeated; upon which Accoutit the 
Year was called Biſſextile, which we now call the Leap year. 

To find whether rhe Year of our Lord be Leap-Year, or the 
Firſt, Second, or Third after; divide it by four, and the Re 
mainder, if there be ahy, ſhews how many Years it is after 
Leap-Yearz b.t/it there be no Remainder, then that Year ö 
Leap-Year : Or, omit the Hundreds and Scores, ant 
divide the Reſidue by 4. Example, 1731, omitting the Hundred 
and the Twenty, I divide the Reſidue 11 by 4, and the Re 
mainder 3, ſhews it to be the Third after Leap-Vear. 

This Method of reckoning the Year, viz. making the com: 
mon Year to conſiſt of 365 Days, and every fourth Year ty 
have 366 Days. is now uled in Great-Britain and Ireland, and 
6 _ ſome of the Northern Parts of Europe, and it 
Julian Account, called rhe Fulian Account, or the Old Style. But tht 
or the Old Style. Time appointed by Fulius Ceſar for the Length of 
: a Solar Year 1s too much; for the Sun finiſhes his 
apparent Courſe in the Ecliptic in 365 Days, Hours, and 49 Mi 
nutes, which is 11 Minutes lets than the Civil Year; and there 
fore he again begins his Circuit 11 Minutes before the Civil 
Year is ended: And ſo much being gained every Year, amounts 
in 131 Years to a whole Day. So that if the Sun in any Year 
entred the Equinox upon the 2oth of March at Noon, after 
the Space of 131 Years, he'll enter the ſame Point on the ſame 
Hour of the 19th of March. And therefore the Equinoxes will 
not always fall on the ſame Day of the Month, but by degres 
will move towards the Beginning of the Year. | 

At the Time of the Council of Nice, (when the Terms wen 
ſettled for Obſerving of Eaſter) the Yernal Equinox fell upon the 
21ſt of March; but by its falling backwards 11 Minutes every 
Year, it was found that in Anno 1582, when the Kalendar was 
corrected, the Sun entred the Equinoctial Circle on the 11th 
of March, having departed ten whole Days from its former 
Place in the Year: And therefore Pope Gregory the XIIIth de 
ſigning to place the Equinoxes in their former Situation with 
reſpect to the Year, took theſe ten Days out of the Kalendar, 
and order'd that the Eleventh of March ſhould be reckon'd as 
the Twenry-firſt : And to prevent the Seaſons of the Year 
from going backwards for the Future, he ordered that every 
hundredth Year, which in the Fulian Form was to be a Biſſex- 
tile, ſhould be a common Year, and conſiſt only of 365 Days; 
but that being too much, every fourth Hundred was to remain 

Biſſextile. This Form of reckoning being eſta- 

Gregorian Ac- bliſhed by the Authority of Pope Gregory XIII. 
Sale or New js called the Gregorian Account, or the New She; 
and is obſerved in all the Countries where the 
Authority 


* 
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Authority of the Pope is acknowledged, and likewiſe, by ſe- 


above a hundred Years paſt, ſince this Reformation was made 
in the Kalendar, the Gregorian Account has accordingly got 
before the Fulian one Day more than it was at the Time of 
its Inſtitution, the Difference between theſe tuo Accounts 
being now eleven Days; ſo that the firſt Day of any Month, 
according to our Way of reckoning, is the 12th of the ſame 
Month according to the New Style. 

I ſhall conclude this Section with a brief Account of the Ate 
oſphere. > | 
moo Atmoſphere is that thin Body of Air which Atmoſphere, 
furrounds the Earth, in which the Clouds ho- 5 
er, and by which in their Deſcent they are broke into Drops 
of Rain; which ſometimes, according to the Warmth or Cold- 
neſs of the Air, are froze into Snom, or Hailſtones. Thunder and 
iphtning are alſo made in the Atmoſphere; and Wind is nothing 
[ſe but a Percuſſion of the Air, occaſion'd by its differenk 
Denſity in different Places. The Benefits we receive from the 
{tmoſphere are innumerable; without Air no earthly Creature 
ould live, as is plainly proved by Experiments made by the 
lir-Pump; and the Wholeſomneis of a Climate chiefly depends 
upon that of its Air: If there was no Atmoſphere to refle& the 
Rays of the Sun, no Part of the Heavens would be lucid and 
bright, but that wherein the Sun was placed; and if a Specta- 
or ſhould turn his Back towards the Sun, he would image 
ately perceive it to be quite dark, and the leaſt Stars would be 
ſeen ſhining as they do in the cleareſt Night; and the Sun im 
mediately before his ſetting would ſhine as brisk as at Nogn3 
But in a Moment, as ſoon as he is got below the Horizon, th 
yhole Hemiſphexe of the Earth would be involved in as great a 
Darkneſs, as if it were Midnight. - 

But by Means of the Atmoſphere, it happens that while the 
un is above the Horizon, the whole Face of the Heavens, is 
ſtrongly illuminated by its Rays, ſo as to obfeure the fat 
Light of the Stars and render them inviſible; and after Sgn- 
ſetting, though we receive no direct Light from him, yet V 
enjoy its reflected Light for ſome Time: For the Atmoſphere 
being higher than we are, is a longer Time before it is with- 
drawn from the Sun. (as if a Man was to run up to the To 
of a Steeple, he may ſee the Sun after it had been ſet to thoſe 
at the Bottom.) The Rays which the Atmoſphere receives from 
the Sun. after he is withdrawn from our Sight. are by Refrac- 
tion faintly tranſmitted to us; until the Sun having gotabbut 
13 Degrees below the Horizon, he no longer enlightens our 
Atmoſphere, and then all that Part thereof which is over us be- 

* D 2 comes 


eral Nations of the reformed Religion. There being now - 
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comes dark, After the ſame Manner. in the Morning, when 
the Sun comes within 18 Degrees of our Horizon, he again 
begins to enlighten the Atmoſphere, and ſo more and more by 
degrees, until he riſes and makes full Day. This 
Twilight, or the {mall Illumination of the Atmoſphere, and State 
Crepuſculuna. of the Heavens between Day and Night, is called 
| the Twilight. or the Crepuſculum. "Wy | 
The Duration of Twilighr is different in different Climates 
and in the ſame Place at different Times of the Year. The 
Beginning or Ending of Twilight being accurately given, we 
m:y from thence eaſily find the Height of the Armoſphere, which 
is not always the ſame. The mean Height of the A4rmoſphere is 
computed to be about 48 Engliſh Miles; bur it is probable, the 
Air may expand it ſelf a great deal further, there being pro: 
perly no other Limits to it., as we can conceive, hut as it 
continually decreaſes in Denſity the farther remote it is from 
the Earth, in a certain Ratio; which at laſt, as to our Con, 
ception, muſt terminate. teh , 
By the Crepuſculum or Twilight to determin the true Height 
of our Atmoſphere ; which is like a Husk, or Shell ſurroun- 
ding the Earth on every Side. | | bp; Brun 
Let ADB be half of the Farth's enlighten'd Hemiſphere, 
D our sub Zenith, E the Sun when depreſs'd 179. 27! below the 
Horizon (that is, allowing 33! for Refraction) DG our Hor 
zontal Line, GE an Horizontal Line of Sun-ſer to them at 
Ez biſect the Arch DE in G: So is there two right-angled 
Triangles, viz. DC Gg GCE, whoſe Quantity is 89%. 43 F: Let 


Obe rhe ,Farth's Center, CEX=CD=CE the Earth's Semi - dia- 


ter. 3994-58 Engliſh Miles; the Heighth of the Atmoſphere is 

FG : To find which in the right-angled plane Triangle CFG, 

] tay, [See Plate I. Fig. 3.] EE 
-— 


«As S. Angle CGE 81? 16' 30“ 6.99494 
33Ps CE the ©'s Semi diameter 3984.58 3-600383 
86 Radius 72 go 0 o  10.000000 
Ty CG 4031.7 3.60543 
* Farth's Semi. diameter Subtrat CE 3584.58 | 
Remains EG 47-12 which is the 


Heighth of the Atmoſphere in Eng/iſh Miles. 


And if you would know, what Proportion its Heighth bears to 
the Earth's Semi-diameter. you will find it to be as 1 to $4.6. 
So de the Heighth of the Atmoſphere to the Earth's Semi-diame- 
ter, thus 47-12) 3984.580 ($4.56 £ 
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are G0 GRAPHICAL Derrtxnitions: Of the 
The BY $Si:uations of Places upon the Earth; of the diffes 
1 rent Situations of its Inhabitants ; of Zones and 
bich e Climates- LE | 

* 

pro: HE situation of Places upon the Earth are determined 
s it by their Latitude and Longitude. 


I. The Latitude of any Place (upon the Earth) Latirude. 


rom 

Jon; Mis its neareſt Diſtance, either North or $utb, from 

. the Equatorz and if the Place be in the | 
ight 12 Hemiſphere, it is accordingly called $ ak Latitade ; 


ind is meaſured by an Arch of the Meridian paſſing thro' the 


here, enith of the ſaid Place, and intercepted betwixt it and the 
7 the quator. And all Places that lie on the ſame Side; and at the 
Jori- Name Diſtance from the Equator, are ſaid to be in the ſame Pa- 

r alle! of Latitude: The Parallels of Latitude in Geography be- 
1gled ing the ſame with the Parallels of Declination in Aſtronomy. 
Let From this Definition ariſe the following Corollaries, | 
i. dis- (I.) That no Place can bave above 90 Degrees of Latitude, either 
re 15 North or South. | | 

(2.) Thoſe Places that lie under the Equinofial (or thro which the'Equa- 


or paſſes) have no Latitude. it being from thence that the Calculation of 
atitude 15 counted. And thoſe Places that lie under the Poles have the greateſt 
atitude, thoſe Points being at the greateſt Diſtance from the Equator. 

(3.) The Latitude of any Place is always equal to the Elevation of the 
Pole in the ſame Place, above the Horizon; and is therefore often expreſſed 
1 the Pole's Height, or Elevation of the Pole: The Reaſon of which is, be» 

| auſe from the. * to the Pole, there is alway; the Diſtance of 90 De- 

; the ret, and from the Zenith to the Horiz.on the ſame Number of Degrees, 

Ec of thefe including the Diſtance from the Zenith to the Pole. That Di- 

ine therefore being taken away from both. will leave the Diſtance from 

rs to e Zenith to the Equator, (which ß the Latitude) equal to the Diſtance 
ou the Pole to the Horizon. | * 1 

(4.) The Elevation of the Equator in any Place, is always equal 10 the 
pmplement of the Latitude of the ſame Place. t TY 

| | 5.) 4 
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rude. 


% 


00 4 di ſailing direfth J fm 2 & the Equaer, Jie be 
Latitude, or $ rg 8 tbe Pole, juſt ſo much as ij ber Diſtance ſailed. 


Difference of La- 2. Difference of Latitude is the neareſt Diſtance 
titucde. betwixt any two Parallels of Latitude, ſhewi 

| | how far the one is to the Northward or South 
ward of the other; which can never exceed 180 Degrees. And 
when the two Places are in the ſame Hemiſphere (or on the 
ſame Side of the Equator) the leſſer Latitude ſubtracted from 
the greater, and when they are on different Sides of the Equa- 
tor, the two Latitudes added, gives the Difference of Lati- 


Bn WW _ @ R8\=-—«.. «.- 


3. The Longizude of any Place (upon the Earth) 
Longitude is an Arch of the Equator, contained betwirt 

the Meridian of the given Place. and ſome fixed 
or known Meridian: or. it is equal to the Angle formed by 
the two Meridians; which properly can never exceed 180 De: 
grees, tho* ſometimes the Longitude is counted Eafterly quite 
round the Globe. 7 
Since the Meridians are all moveable, and not one that can 
be fixed in the Heavens, (as the Equinoctial Circle is fixed, 
from whence the Latitudes of all Places are determined to bt 
ſo much either North or Suth) the Longitudes of Places cannot 
ſo well be fixed from any one Meridian; but every Geographer 
15-at*his Liberty to make which he pleaſes his firſt Meridian 
from whence to calculate. the Longirudes of other” Plac 
Hence it is. that the Geographers of different Nations, reckon 
their Longitudes from different Meridians, commonly chuſin 
the Meridian paſſing thro* the Metropolis of their own Coun 
try for their firſt: Thus, the Engliſh Geographers generally mak 
the Meridian of London to be their firſt; the French, that of Pari 
and the Dutch, that of Amſterdam. &c. And Mariners generallj 
reckon their Longitude from the laſt known. Land they fav 
This arbitrary Way of reckoning the Longitude from diff,,. 
rent Places. makes it neceſſary,” whenever we expreſs the Lo 
gitude of any Place, that the Place from whence it is count 
be alſo ex preſſed. AMR | ; 


From the preceding Definitions ariſe the following Corel 


. © L | IS . 

1. If a Body ſhould ſteer direffly North, or South, quite roumd uRirc! 
Globe be'll continually change bis Latitude; and paſs thro the two Polel 
the World, without deviating the leaſt from the Meridian of the Place be- 
bs. 04) dani er 


oo” 
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parted from; and conſequently at hi Return, will not differ in his Account 
of Time from be People refiding in the ſaid Place. 

2. If 4 Body ſhould ſteer round the Globe, either due Eaſt or due Weſt, 
de ll continually change bis Longitude, but will go quite round without alter- 
ing bis Latitude; and if bis Courſe ſhould be due Eaſt, be'll gain 4 Day 
completely in his reckoning, or reckon one Day more than the Inhabitantt of 


would have loſt one Day, or reckoned one leſs. 


The Reaſon of which is evident: For, admitting our Tra- 
eller ſteers due Eaſt ſo many Miles in one Day, as to make his 
Difference of Longitude equivalent to a Quarter of an Hour 
of Time; it is evident, that the next Day the Sun will riſe to 
im à Quarter of an Hour ſooner, than to the Inhabitants 
of the Place from whence he departed: And ſo daily, in Pro- 
portion to the Rate he travels, which in going quite round 


frei in make up one natural Day. In like Manner, if he ſteers 
ed ue Weſt after the ſame Rate, he'll lengthen each Day a Quar- 
o Deer of an Hour, and conſequently the Sun will riſe to him ſo + 
guir uch later.every Day ; by which Means, in going quite round, 


t follows, 


3. If two Bodies ſhould ſet out from the ſame Place, one ſteering Eaſt, 
nd the other Weſt, and ſo continue their Courſes quite round, until they 
rrive at the Place from whence they ſet out, they U differ two Days in 
heir Reckoning at the Time of their Return. a 

4. If a Body ſhould ſteer upon an oblique Courſe (or any where betwixt 
be Meridian and the Eaſt or W eſt Points) be'll continally change both Lati- 
de and Longitude. and that more or leſs, according to the Courſe he ſteers 5 
4 if be ſhould yo quite round the Globe, be'll differ in bis Account of 
me, as by the 24 Corol. 


f Pal . The People refuding in the Eaftermoſt of any two Places, will reckon 
era - Time ſo much the ſooner than * who liv? in the other Place, accor- 
ey fur 0 the Difference of Lon itude berwixt the two Places, allowing 1 
m dil: ur for every 15 Degrees, &cc. and the contrary. | | 


II. Of Zones and Climates, &c. 


4. Zones are large Tracts of the Surface of the Zones Torrid, 

arth, diſtinguiſhed by the Tropics and Polar IEP | 

ircles; being five in Number, viz. one Torrid, 8 

'0 Temperate. and two Frigid. | : 

The Torrid or Burning Zone is all the Space comprehended be- 

een the two Tropics; the Antients imagined this Tract - 
c 


the Place from whence he departed: And if bis Courſe had been Welt, be 


dell loſe one Day complete in his reckoning. From whence 


* 5 — 
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the Earth to be uninhabitable, becauſe of rhe exceſſive Heat, if 
being ſo near the Sun, All the Inhabitants of the Torrid Eu 
have the Sun in their Zenith, or exactly over their Head 
twice in every Year; excepting thoſe who live exactly undet 
the two Tropics, where the Sun comes to their Zenith only 
once 1n a Year. | 
The two Temperate Zones lie on either Side of the Globe, bs 
tween the Tropics and the Polar Circles. 
The two Frigid Zones are thoſe Spaces upon the Globe that 
are included within the two Polar Circles. 
The Dimenſions of each Zone in ſquare Eng/iſh Statute Mile 
- (69,5 whereof make a Degree) are as follow, vid. Of the ni 
Zone 415474528457 3 of each Temperate Zone 2700257109333 0 
each Frigid Zone 43209396510. | 
So that if the whole Earth be divided into 520 equal 
Parts, the Torrid. both Temperate, and both Frigid Zones, woull 
bear nearly the following Proportions to one another, 
The whole Surface of the Earth — — 
The Torrid Zune — — 
Both Temperate Zone? — — 
Both Frigid Zones — — 


$$ 2?)  " _ cas 
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To find the exact Proportion of the Zones, tho* the Quanti 
of the Earth's Surface is unknown, 

The Diſtance of the Polar Circles from the Pole is 239%. 
whoſe Complement is 66®. 31, its natural Sine is .917174 
which deduct from 10.00000 gives . 82824, and doubled, | 
165648 for the exact Proportion of the two Frigid Zones. 

The Diſtance of the Tropic from the Equator is 239. 29, i 
natural Sine is .398482, which dedu@ from the natural Stne« 
669. 31' = .917176, remains 518694, and this doubled! 
1.937388 for the Proportion of the two 1 — Zones. 


And for the Torrid Zone, which is 23. 254 from the Equatohl e 
on either Side, only double the natural Sine of 23“. 290 10 
398482, which will be — — — — 796 

The aforeſaid 2 T:mperate I. 375 7 
The aforeſaid 2 Frigid 16% %a. 
Proof In all, double Radius 2.0000 — 


The Inhabitants of the Earth are alſo diſtinguiſhed by of , | 
| Diverſity of their $hadows. Thoſe who live Dol 
Amphiſcians, the Torrid Zone, are called Amphiſcians; becai | 

: their Noon-Shadow is caſt different Ways, * 
cording as the Sun is to the Northward or Southward of tht 
Zenith: But when the Sun is in their Zenith, ! 

Aſci ans. are called A4ſcians. 
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The Inffabitants of the Temperate Zones, are 
called Heteroſcians. becauſe their Noon-Shadow is Heteroſcians. 
always caſt the ſame Way: But thoſe: who 
live under the Tropics are called Aſcians Heteroſciam. Aſeiaus Heteres 
Thoſe who live in the Frigid Zones are called . 
Periſcians, becauſe ſometimes their Shadow is caſt | Ferie 
round about them. | | - 

| Theſe hard Names are only Greet Words importing how 
the Sun caſts the Shadow of the ſeveral Inhabitants of the 
Earth; which would be a too trifling Diſtinction to be made 
here, was it not for the Sake of complying with Cuſtom. 

The Inhabitants of the Earth, are alſo diſtinguiſhed into 
three Sorts, in reſpect to their relative Situation to one anos 
ther; and theſe are called, the Perizci, *Anteci, and Antipoder. 

5. The Periæci are thoſe who live under oppo- - 
fite Points of the ſame Parallel of Latitude. P.. 

They have their Seaſons of the Year at the ſame | 

Time. arid their Days and Nights always of the ſame Length 
with one another; but the one's Noon is the other's Midnight : 
And when the Sun is in the Equinoctial, he riſes with rhe. 
one, when he ſets with the other. Thoſe who live under the 
Poles have no Periaci. | | | 

'6. The Antaci live under the ſame Meridian, and Ante. 
in the ſame Latitude, but on different Sides of 2 
the Equator; their Seaſons of the Year are contrary, and the 
Days of rhe one are equal to the Nights of the other: Bur 
the Hour 6f the Day and. Night is the ſame with both; and. 
when the Sun is in the Equinoctial, he riſes arid ſers to both 
exactly at the ſame Time. Thoſe who live under the Equator 
have no Antaci. ; 

7. The Antipodes are thoſe who live diametri- Autipmts. 
cally oppoſite to one another, ſtanding, as it £1 
were, exactly Feet to Feet: Their Davs and Nights, Summer 
and Winter.-are at dire& contrary Times. | 

The Surface of the Earth is by ſome diſtinguiſhed into di- 
mites. þ = | 

8 A Climate is a Tract of the Surface of the Ces. 

Earth included between two ſuch Parallels of 
Latirude, that the Length of the longeſt Day in the one, ex- 
ceeds that in the other by half an Hour. | 

The whole Surface of the Earth. is conſidered as being divi- 
ded into 6 Climates, vic. from the Equator to each of the 
Polar Circles 24, ariſing from the Difference of 4 Hour in the 
Length of their longeſt Days; and from' the Polar Circles to 
the Poles thenſelves are fix, ariſing from the Difference of an 


entire Month; the sun being ſeen in the the Firſt of theſe, a 
| E Whole 
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whole Month without ſetting; in the Second, two; and in 
the Third, three Months, Cc. Theſe Climates continually de- 
creaſe jn Breadth the farther they are trom the Equator. How 
they are framed, viz, the Parallel of Latitude in which they end 


with the reſp 


following Fable. 


| 2 2 
auator and the Polar 
Circles. 4 
Climarsc| Longeſt Latitude Bread tb. Longeſt Latitude Breath 
as Day. 5. MD. 4. Climares| Day. D. M.1D. & 
1 1248 248 25 13 | 18; }59 $58|1 25 
2 13 [ts 25] 8 oo I4 19 [61 18] 1 20 
EY 134 [23 50/7 25 15 19462 25] 1 07 
4 I4 130 20, 6 30 N 20 [63 22140 57 
5 144 [36 29] 6 88 I7 | 20%; [64 os © 44 
6 | I5 [41 224 54] | 18 | 21 [64 49 0 43 
7 | 15: [45 2914 o7] | us | 214 [65 20 33 
KK. 16 49 0 3 32 | 29 | 22 65 47] © 26 
9 164 151 58] 2 57 21 22% [66 06 0 19 
10 17 [54 272 29 22 23 [66 20[0 14 
i | 17; 56 3712 10 23 23% 66 24] o o8] 
12 18 18 291 62 24 24 66 31 © 03 
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the Polar Circles and 


| 
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ective Breadth of each of them, is ſhewed in the 


Poles. | 
Length of Days Latttude. [Length of Days | Tad. 
Months. D. . | | Momtbs. Dat 
| I 67 21 | 4 78 30 
2 69 48 5 84 of 
3 73 37 6 90 oo 
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III. Of the Poetical Riſing and Setting of the Stars. 


The antient Poets make frequent mention of cf, Kehre 
the Stars Riſing and setting, eicher Coſmically, A. w a Helia- 
sbronically, or Heliacally ; whence theſe Diſtinctions — and 
are called Poetical. i | 

A Star is ſaid to Riſe or Set Coſmically, (i. e in the Morning) 
when it riſes gr ſets at Sun-riting; and when it riſes or fers 
at Sun-ſetting, 1t 1s ſaid to riſe or ſet Achronically, (i. e. in the 
Evening.) A Star riſes Heliarally, (i. e. out of the Sun's-beams) 
when firſt it becomes viſible, after it had been ſo near the Sun 
as to be hid by the Splendor of his Rays : And a Star is faid 
to ſet Heliacally, (i. e. into the Sun's-beams) when tis firſt im- 
merſed. or hid by the Sun's Rays. 5 

The Fixed stars, and the three ſuperior Planets, Mars, Jupiter, 
and Stturn, riſe Heliacally in the Morning: But the Moon riſes 
Heliacally in the Evening; becauſe the Sun is ſwifter than 
the ſuperior Platœts, and flower than the Moon. 

The Arch of Viſion is the Arch of a Vertical Circle con- 
tained between the Horizon and the Center of the Sun after 
it is ſet, or before it riſeth, this altereth according to the ſe- 
veral Magnitudes of the Stars, for the Greater the Star is, the 
Leſs is the Arch of Viſion, and the contrary. 


The Arches of Viſion belonging to the Stars according to 
their ſeveral Magnitudes, are theſe. 


D. D. 
To the Firſt 12 To the Planets. 
Second 13 Venus 5 
Third 14 Mercury 10 
Fourth 15 Saturn 11 
Fifth 16 Jupiter 9 2 
Sixth 17 Mars 124 
Leaſt 18 Moon uncertain. 


Fupiter and Venus when brighteſt may be ſeen by Day. 


A Star is ſaid to riſe Coſmically when it riſes with the 
Sun. So Virg. Geo. L. 1. | | 
Cinlidus auratis aberit cum cornibus annum 
 Taurys, &c. i.e. When the Sun enters Turm, and they both 
riſe at orice. | - 
A Star ſets Coſmically when it ſets at Sun-rifing. So Viq. 


Geo. L. 1. 
E 2 Ante 
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Ante tibi Fox Arlantides abſcondantur 
Debua quam ſulcis committas ſemina, quamq; 
Invite properes anni ſbem credere terræ. ? L 4 
Harveſt. ime 1s _ when the Sun being in Scorpio, the 
Pleiades ſet Coſmically. | 23 
f A Star is ſaid to riſe Achronically, when it riſes at Sun. 
etting. | 
Et Careo vobis ſcythicas detruſus in ora, 
Ouaruor autuninos Pleias Orta fas it. Ovid. . af % 
The Sun being in Korpio, the Pleiades riſe. Achronically and nick 
ſer Colmically. | : : 
A Star is ſaid to ſet Achronically when it ſets with the Sun; 
So Ovid. faſt. LS 3. * 


Quem modo celatum ſtellis Delphina vide bas 0 
Is fugiet viſus note ſequente tuos. ain” : ind. 
February the 3d, When the sun being in Aquary, the Del 10. 
plin ſets Achronically. IS ; | oun 
Hence, the Sign, in which the Sun is, riſes Coſmically, and i. 
ſets Achronically, and [the oppoſite sign, at Night riſes 4-8. : 
chroniczlly, and in the Morning ſets Coſmically, according to this a 
Diſtich. R * 1 | hen 
Coſmice deſcenlit Signum, quod Achronice — dmp 
Chronice deſcendit Signum, quod Coſmice ſurgit- 2 cal 
The Heliac riſing of a Star is when the Star appears in Vier :1. 
after having been for ſome Time loſt in the Sun's greater dned 


Light. So Ovid. faſt. L. 2. 
' Fam levis obliqua ſubſedit Aquarius urns 
Proximus æthereos excipe Piſcis equos. 
About the latter End of February. 
Ante tibi Eoæ At'antides abſcondantur, 
Gnofiaque ardentis decedat ſtella coronæ, a 
Debita quam ſulcis committas ſemina Cc. Virg. G. 1. 
The Sun being in Scorpio, the Pleiades fer Coſmically, and the 
Corona Seftentrionaly ariſe Heliacally. | | þ 
The Hzlizc Setting of a Star is when the Sun's greater Light 
obſcures that Star. r 
Cunlidus auratis aperit cum cornibus annum 
Taurus & adverſo cedens canis cccidit aſtro. 


IV. Of the Surface of the Earth, conſidered as it Js 4 
| compoſed of Land and Mater. rde 


The Farth conſiſts naturally of two Parts. Land and Water; ich 
and therefore it is called the Terraqueous Globe. Each of theſe Wt!) 
3 1 ; n Elements nd” 


Elements are ſubdivided into various Forms and parts, which 
accordingly are diſtinguiſhed by different Names. 


I. Of the Land. 


The Land is diſtinguiſhed into Continents, 1/lands, Peninſuld's, 
Fthmus's, Promontories, Mountams, or Coaſts. - 

9. A Continent is a large Quantity of Land, in Continent. 
which many great Countries are joined together, 

ithout being ſeparated from each other by the Sea: Such 
re Europe, Afia, Africa, and the vaſt Continent of America; which 
our 'are the principal Divifions of the Earth. 
Continents is ſometimes called the Min Main Land. 
10. An I is a Country, or Portion of Land environed 
ound with Water: Such are Great Britain and Ireland; Sardinia, 


and. Cc. in the Mediterranean sea; the 2 of Wight, Angleſey, 
near Eng/and. Alſo a ſmall Part of dry Land in the midft 
thief a River, is called an Iſlanl. Sometimes à large Iſland, 


hen compared to 4 leſſer, is called the Continent; as if we 
dmpare the = Wight to England, the latter may be proper- 
called the Continent. | 

11. A Peninſula is a Part of Land almoſt envi- Peninſula. 

dned with Water, fave one narrow Neck adjoin- 

g it to the Continent ; Or, which is almoſt an Iſland. Such 
Denmark joining to Germany; alſo Africa is properly a large 
nſula joining to A4. | | 

12. And Iſthmus is a narrow Neck of Land join- 1m. 

g a Peninſuls to the Continent; as the Iihmus 

duet, which joins Africa to Aa; that of Panama joining North 
d South America, &c. | | 
13. A Promontory is a high Part of Land ſtretch- Promontory. 

g out into the Sea; and is often called a Cape, mY 
Headland : Such is the Capg of Good. Hope, in the South of Africa; 
e-Finjfter on the Weſt of $4in; alſo the Lixard- Point, and the 
End. are two Capes or Headlands on the 

eſt of England. A Mountain is a high Part of Mountain.) 

nd in the Midſt of a Country, over-topping | 

adjacent Parts. N | 

14. A Coaſt or Shore is that Part of Land, which  Coaf or Shore, 
rders upon the Sea, whether it be in Iſlands 

a Continent : And that Part of the Land 

ich is far diſtant from the Sea. is called the Inland H 

74 Theſz are the uſual Diſtinctions of the 
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The Water is diſtinguiſhed into Oceans, Kas, L4kes, Gulf, ni 
Streights, and River. ib zu 71: 5208 0 

The Ocean or 15. The Ocean or Main- Sea, is a vaſt Tron Nig 
Man Sea. Collection of Water, not divided or- ſeparated id 
by Land running between: such is the Atlami ere 

or Weſtern Ocean, between Europe and America; the Pacific Ocea he 
or Svut h- Sea, Cc. 1 r: Fo 783 12 os aff ""-! 
Note, Thoſe Parts of the Ocean, which border upon tees 
Land, are called by various Names, according to thoſe of theo 
adjacent Countries; as the Britiſh Sa; the Iriſþ Sea; the Frei Whe 
| and; Saniſb Sea. 1121 - 1168 oll 

A Lake, 16. A Lake is a Collection of deep ſtanding be 
| Water, incloſed all round with Land, and not 2. 
having any viſible and open Communication wit rhs Sea Malle 
But when this Lake is very large, it is commonly called a & ori 
LN as the Caſpian &a 1 46 „ eee 

A Gef. 17. A Gulf is à Part of, the Sea, almoſt, en.. 
compaſſed with Land, or, that which, runs u ie V 

great Way into the Land; as the Gulf of, Venice, Wc. But it 1 3. 
be very large, tis rather called an Inland: S; as the Baſtic Min 
the Mediterranean Sea, the Red Sea, or the Arabian Gulf, Cc. And WP be 
ſmall Part of the Sea thus environed with Land, is uſua 0c: 
called a Bay, If it be but a very ſmall Part, or as it wete. e G 
- ſmall Arm of the Sea that runs but a few Mü bich 

Creek or Haven. hetween the. Land, it is called a Creek or Hauen. are 
A Streight., 18. A Streight is a narrow Paſſage ly ing bete. 1 
two Shores, whereby two Seas are joined to eve 

ther; as the Streiphts of Dover, between the Britiſh Channel, ae Me 


the German Sea; the Streights ef Gibraltar, between the Ata ern 
and the Mediterranean Sea. The Mediterranean it ſelf is alſo ſom 
times called the Streigbts. - | . * b 
Theſe are all the neceſſary Terms commonly uſed in Gα²f⁹rries 
by. The Names of the ſeveral Countries, Seas. and all 
principal Diviſions of the Earth, the Reader will find ex preſi The ' 
upon the Terreſtrial Globes. To give a tolerable Account 
the Produce of each Country, the Genius of the People, tbehhrt of 
Political Inſtitutions, Cc. is properly a particular Subject 
it ſelf; and quite foreign to our Deſign, and therefore refer ¶ ſelf d 
GORDON's Geagrathy, or MOLL's, for go Information then s dr 
in. We ſhall next proceed to the Uſe of the Globes; but firſt it nit hay 
not be amiſs to give a ſhart Review of their Appurtenances.. i 
Thoſe Circles of the Sphere that are fixed are (as has ben the Ec 
already ſaid) drawn upon the Globes themſelves; thoſe that : 
moveable, are ſupplied by the Braſs Meridian, the Wooden forisi hat 
and the Quadrant of Altitude. count 
Braſs Meridian. I. That Side of the Brazen Meridian. which iz Met in 
vided into Degrees, repreſents the true 2 
t 
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vis Side is commonly turned towards rhe Eaſt, and tis uſual 
A the Globe ſo before you, that the North be to the 
gight-Hand, and the South to the Left. The Meridian is di- 
«ded into 4 Quadrantz, each being 90 Degrees, two of which 
re numbred from that Part of the Equĩnoctial, which is above 
be Horizon, towards each of the Poles; the other two Qua- 
Irants are numbted from the Poles towards the Equator. The 
peaſon why two Quadrants of the Meridian are numbred 
rom the Equator, and the other two from the Poles, is becauſe 
he Former of theſe two ſerve ro ſhew the Diſtance of any 
oint on the Globe from the Equator, and the other to elevate 
he Globe ta the Latitude of the Place. 
2. The upper. Side of the Wooden Frame, Wooden Horizon, 
alled the Wooden Horizon, repreſents the true — 
lorizon; the Circles drawn upon this Plane have been already 
eſcribed; we may obſerve, that the firſt Point of Y is the 
at, and the Oppoſite, being the firſt Point of = is the Vd, 
e Meridian paſſing thro the North and South Points. : 
3. The 8 Aftitude is a flexible Plate of ant of Al. 
in Braſs, having a Nut or Screw at one End, 
d be faſtned to the Meridian of either Globe, 
Occaſion requires. The Edge of this Quadrant, which has 
e Graduations upon it, called the Fiducial Edge, is that 
hich is always meant, whenever we make mention of the 
adrant of Altitude. 
4. The Horary or Wur- Circle is divided into twice Hexr-Cirele. 
elve Hours; the two XII's coinciding with 
e Meridian: The uppermoſt XII is that at Won, and the 
wermoſt towards the Horizon is XII at Night. The Hours 
the Ea Side of the Meridian are the Morning Hours, and thoſe 
the Ve Side the Hows after Noon. The Axis of the Globe 
rries round the Hand or Index which points the Hour, and it 
the Center of the Hour-Circle. 
The Things above deſcribed are common to both Globes; 
t there are ſome others which.are peculiar, or proper to one 
rt of Globe. The two Colures, and the Circles of Latitude, from 
2 Eclipric, belong only to the Ceueſtia Globe; alfo the Ecliptic 
elf does properly belong only to this Globe, tho? it is al- 
7s drawn an the Terreſtrial, for the Sake of thoſe that might 
t have the other Globe by them. The Equinoctial on the 
leſtial Globe is always numbred into 360 Degrees, beginning 
the EquinoRial Point V; but on the Terreſtrial, it is arbirra- 
> where theſe Numbers commence, according to the Meridian 
whar Place you intend for your firſt; and the Degrees may 
counted either quite round to 369. or both Ways, till they 
et in the oppoſite Part of the Meridian at 180. 2 
SE . 
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5 , General Ob rations concernin 5 5 
| Great Circles on the 2 lane 


; of Sun's Place. 3 1 sun or Stars Declination = 
| Day of the Month: Meridian Altitude. = 
| — Amplitude. | Meridian Depreſſion. -- - 
1 L ! Azimuth. ; S | Latitude of à Place. 2 
S 1 Point of the Compaſs. = | Diſtance from the Poli 
; E Riſing or ſetting of 7 * I Zenith and Nadir Point 
a X | @ the stars. Diſtinction between | 
2] Diſtinction between | 7 Forenoon and Afr 
| NS | 
| e Day and Night. 2 noon. 
| c Degrees for Hours in | © 
© I? Horizontal Dial. © \ 0 
Right Aſcenſion. Y ſSun'sPlace orLongitud: 
© | Oblique Aſcenſion. 1 Apparent and Ann 
A | Oblique Deſcenſion. | = Motion. 
3 | Aſcenſional Difference. & | Stars Longitude. 
= | Longitude of Places. % Poetical Riſigg at 
SE ! Semi-diurnal 8 1 * Setting. 
id J Semi- noctural p , 25 Cuſps of all the Houſt 
*S | Planetary Hour. * Increaſe & Decrei 
K iſtinction betwixt | © of Days. 
2 5 North and South Lati- | £ | Culminating Degree. 
— tude of Places. | Eclipſes of Sun & Moo 77 
S Moſt exact and equal“ © | CDiſtintion of 
' | 2 Meaſure of Time. and Suth Latitude EE 
* . the Stars. the 
ny ap 
l, 
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Things in Trigono- 
" tity and Dialling. 


FR 1 51 | 
Spring. | J2 | Summer, 
Autumn. =» 7 8 

Equality of Day and DE Greateſt Declination 
ie 2 Night. 252 1 North and Sourh. 
| =4 (Diſtinftion of North er 24 Longeſt and Shorteſt 

> | J and Suh Decliners. | ber Days. 

S 


* J * 


7 ; d) 2 Hour. Alſo 
| $Stars Altitude at any f , {Riſing 
Time. ; V 5 Setting. 
» | Stars Latitude. — Day. 
£ | biſtance of Places or 2 F Lengthof Nigh 
by Stars. | innin 
= Almicantar. 8 | Twilight 2 Ealing. a 
Lb of declining | & | Babilonic 
Dials. © | lalic N 
— Jeu iſh Our. 
s \Aftronomic 


Geographical PROBLEM 8. 
Soly'd by the | 
LOBES 


PROBLEM. I. 
Wo try the Globes whether they are well made or not. 


EE that the Papers unite without lapping over, and that 

O the Parts of one and the ſame Circle neatly meet, without 

ny apparent Diſtance or Deviation; that rhe Fqumor * 
1 cu 


ridian, and the Longitude muſt be expreſſed accordingly, 1 
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cut the Horizon in the Eaſt and ſt Points, and in Degrees exad 
ly 180 aſunder : Mind allo, that 35 Degrees paſs thro the Men 
dian as the Index changes Hours: That they be well illumin 
ted and glazed, the Images of the Conſtellations cotreſponi 


in Figure to what they ſhould repreſent: That they be cu 


rected from the beſt and neweſt Diſcoveries in Afronomy alf 
Geography, eſpecially ſuch Obſervations in the Heavens as agu 


with Itineraries well examin'd on Earth. | 
Mind that the Globe hang evenly between the * 

Horizon not inclining more to one Side than the 

not too far aſunder, alſo when the Pole is in the Zenith, . 


the Equinoctial be neither above nor under the Horizon | 


any Point, See alſo, that Half the Meridian be above ali 
th a 


Half under the Horizon, ſo will the Degrees at the 
South Points of the Horizon always make 90. and 
all: Let the Horizon be made ſtrong and ſubſtantial. - 


In uſing them. 


4 


Keep the Eaſt Side of the Horizon next, and the gradvan | 
Side of the Meridian before your Eyes, for the true Mericuff 


is the Eaſtern graduared Face, and the upper Face of the Horin 


is alſo the true Horizon, both which on the Artificial Gli 


have for Strength and Service ſome Thickneſs; yet int 
_—_ Globe they are Great Circles, without either Breadth | 
Depth. 


PR O B. II. To ind the Latitude and Longitudt 
any given Place upon the Globe; and on the cu 


trary, the Latitude and Longitude being given, 
find the Place. oy. 


1. Turn the Globe round its Axis, till the given Place 
exactly under the (Eaſtern Side of the Braſs) Meridiany th 
that Degree upon the Meridian, which is directly over it. 
the Latitude: Which is accordingly North or South, as it | 
in the Northern or Southern Hemiſphere. The Globe n 
maining in the ſame Poſition. | 

That Degree upon the Equator which is cut by the Brat 
Meridian, is the Longitude required, from the firſt Meridian up 
the Globe. If the Longitude is counted both Ways from ti 
firſt Meridian upon the Globe, then we are to conſider, wht 
ther the given Place lies Eaſtetly or Weſterly from the firſt 
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The Latitudes of the — places; and upon a Globe 


Men nere the Longitude is reckoned both Ways from the Meri- 
2 * London, their Longitudes alſo will be found as follow. 
= f Latitude. 2 
an : 3+: * ih- Deg. 8: Mi 
_ f Rome —— — 414 North. 13. Eaſt. 
Paris w—— — 484+ N. 24 E. 

nat Mexico — — 20 N. 102 W. | 
r, at - Caper Horn —— — 58 8. 80 W. 
h, fe 211 | "2x1 Mp 
on . The Latitude aud Longitude being given, to find 
* the Place. 


Geek for the given Longitude in the Equator, and bring that 
oint to the Meridian; then count from the Equator on the 
jeridian, the Degree of Latitude given, towards the Arctic 
Antactic Pole, according as the Latitude is Northerſy or 
purherly ; and under that Degree of Latitude lies the Place re- 
ired. "% hal 


TI 
in K o B. III. Any Place being given, to find all 
th 8 thoſe Places that are in the fame Latitude with 


the ſaid Place. 


The Latitude of the given Place being marked upon the 
eridian,' turn the Globe round its Axis, and all thoſe Plates 
at pals under the ſaid Mark, are in the ſame Latitude with 
he given Place, and have their Days and Nights of equal 
engths. And when any Place is brought to the Meridian, all 
he . that lie under the upper Semi- circle of it, have 
«Fm or Mid-day at the ſame Point of abſolute Time 
xactl y. — | 


"Rr o B. IV. To find the Diſtance between any two 
given Places upon the Globe, and to find all thoſe 


1 Places upon the Globe that are at the ſame Di- 
m u Vance from a given Place. 


Liy the Quadrant of Altitude over both the Places, and the 
umber of Degrees intercepted between them being reduced 
nto Miles, will be che Diſtance required: Or, you may = 

i F 2 the 


from the given Place. L 
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the Diſtance betwixr the two Places with a Pair of Compaſſe: 
and applying chat Extent to the Equator, you'll have the De. 
grees of Diſtance as before. Note, Apa Mile is the 8th 
Part of a Degree; wherefore if you multiply the Number of 
Degrees by so. the Product will be the Number of Geogrs 
phical Miles of Diſtance ſought ; but to reduce the ſame int 
Engliſh Miles, you muſt multiply by 70, becauſe about 7 Englibi 
Miles make a Degree of a great Circle upon the Superficies of 
the Earth. . ” 184 

Thus, the Diſtance betwixt London and Rome will be fou 
to be about 13 Degrees, which is 780 III Miles. 

If you rectify the Globe for the Latitude and Zenith of ami 
given Place, and bring the ſaid Place to the Meridian; then 
turning the Quadrant of Altitude abdut, al! thoſe Places tha 
are cut by the ſame Point of it, are at the ſame Diſtana 


} v 6 1.8%. 


or, the Angle formed by the Meridian of one Platz 


PA o B. V. e the Angle of Py of Places; 
a 
aud a great Circle paſſing through both the Places. 


Having rectified the Globe for the Latitude and Zenith o 
one of the given Places, bring the ſaid Place to the Meridian 
then turn the Quadrant of Altitude about until the Eiduci 


Edge thereof cuts the other Place, and the Number of Degrees La 
v pon the Horizon contained between the ſaid Edge and tn! 
Meridian, will be the Angle of Pofition ſought. ' ' +. g 
Thus the Angle of Poſetion at the Lizard, between the M > far 
dian of the Lizard and the Great Cirelt paſſing from thence torn t 
Barbaloes is 69 Degrees South-Weſterly ; but the Angle of PG Pl: 
> between the ſame Places at Barbadoes, is but $8 DegreeMtituc 
North-Eafterly, ) obe 
* 0 fi 

Jt 

SCHOLIUM Ly 

f 1 5 TY et t 

The Angle of Poſition between two Places is a different Thins hs-1 
from what is meant by the Bearings of Places; the Bearings vf Lat; 
two Places is determined by a Sort of ꝙiral.· Line called a Rhum-W in | 
Line, paſſing between them in ſuch a Manner, as to make the fro 


ſame or equal Angles with all the Meridians through wäiich it Rinde 

paſſeth: But the Ale of Poſition is the very ſame Thing win 

what we call the Azimuth in Aftronomy ; both being formed by 

the Meridian and a Great Circle paſſing thro' the Zenith of 1 

given Place, and a given Point, either in- the Heavens, wo 
l | gils 5 ca 
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o alled the Azimuth, or upon the Earth, then called the Ang/e of 
ot} __ hence may be ſhewn the Error of that Geographical 
al, viz. If a Place 4 bears from another B due Welt, B 
pre all not bear from 4 due Eat. I find this Paradox vindicated 
ao an Author, who at the ſame Time gives us a true Definition 
he f a Nhumb-Line: But his Arguments are Un-geometrical; for if it 


de ue that the Eaſt and Weſt Lines make the ſame Angles 
vith all the Meridians, through which they paſs, it will fol- 
ow that thele Lines are the Parallels of Latitude. For the 
dath deſcribed in Travelling from Eaft to Weſt, is the Conti- 
W ation of the Surface of a cone, whoſe Sides are the Radii of 
e Sphere, and Baſe the Paxallel of Latitude of the Traveller: 
nd 1t is evident, that all the Meridians cut the ſaid Surface 
Right (ang therefore at equal) Angles ;3 whence it follows, 
at the Rhumbs of Eaſt and Weſt are the Parallels of Latitude; 
hough the Caſe may ſeem different, when we draw inclining 


es nes (like Meridians) upon Paper, without carrying our Ideas 
ace further. Indy 21 

„ 3 
17 x 0B. VI. To find the Antæci, Periæci, and An- 
e tipodes 70 any given Place. 


Bring the given Place to the Meridian, and having found 
Latitude, Count the ſame Number of Degrees on the Meri- 
an from the Equator towards the contrary Pole, and that 
ll give the Place of the Antari. The Globe being ſtill in 


Mere ſame Poſition, ſer the Heur-Index to XII at Noon, then 
ce ura the Globe about till the Index points to the lower XII; 
Foa: e Place which then lies under the Meridian, having the ſame 

titude with the given Place, is the Periaci required. As the 


obe now ſtands, the Antipodes of the given Place are under 
* ſame Point of the Meridian, that its Arteci ſtood before: 
if you reckon 180 Degrees upon the Meridian from the 
en Place, that Point will be the Antipodes. 

Let the given Place be London in the Latitude of 514 Degrees 
hingt; that Place which lies under the ſame Meridian, and in 
ngs U Latitude of 514 Degrees Suth, is the Antæci: That which 
bum in the ſame Parallel with Londen, and 180 Degrees of Longi- 
e he from it, is the Periaci; and the Antipodes is that Place whoſe 
te from London is 180 Degrees, and Latitude 51% Degrees 


PRO .- 


Or — 
= . * 


| their Difference of Longitude; wherefore having found thei 


L 
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PR O B. VII, The Hour of the Day at one Platz 
being given; to find the correſpondent Hour /n 
what o'Clock it is at that Time} in any. thn 


Place. ; - 7 2 15 
The Difference of Time betwixt two Places is the ſame with 
Difference of Longjzude, reduce it into Time. (by allowing one 
Hour for every 15 Degrees, Sc.) and if the Place where th 


. . , Eaſterly, Leun - 28 
Hour js required lies Weſte 4. 8 from the Place where | 


Hour is given, 3 — 4 A © the Difference of Longitude redi 4 


F 
into Time Pk the Hour given; and the Sum or Remi p 
der will accordingly be the Hour required. or. i; 
Having brought the Place at which the Hour is given to ti N 
Meridian, ſet the Hour-Index'to the given Hour; then tu 
the Globe about until the Place where the Hour is requit 
comes to the Meridian, and the Index will point out the Ho Hz 
at the ſaid Place. | lace 
is es — 
Thus, when it is Noon at London, it is — 
P ; * , 8 n 7 5 
H. M. dian 
Rome l —— . 0 52 P. M. 229 
us Con'tantinople — 2 ' 07 P. M. 243 1 RC 
Vera- Cu- ens 5 30 A. M. Iv at 
Pequin in China 7 7 P. M. 
| | | | } po 
PX O B. VIII. The Day of the Month being giv 25 
to find thoſe Places on the Globe where the & = 
will be Vertical, or in the Zenith, that Day: * 
* : b 
Having found the Sun's Place in the Ecliptic, bring ., 
ſame to the Meridian, and note the Degree over it; then 7be | 
ning the Globe round, all Places that paſs under that Dex 
will have the Sun Vertical that Day, 'P Havin 
| n Hoy 


PRO d Plac 


px O B. IX. A Place being given in the Torrid 
Zone, to find thoſe two Days in ubich the Sun 
ſpall be Vertical tothe ſame. | 


Bring the given Place to the Meridian; and mark what De- 
zree of Latitude is exactly over it; then turning the Globe a- 
bout thoſe two Points of the Ecliptic, which pals exactly un- 
ler the ſaid Mark, give the Sun's Place at the Times required 
ook upon the Wooden-Horizon for thoſe two Points of the 
cliptic, and right againſt them are the Days required. 


pK o B. X. Jo find where the San is Vertical at 
auy given Time aſſigned; or, the Day of the Month 
and the Hour at any Piace {ſuppoſe London be- 
ing given, to find in what Place the Sun is Verti- 
cal at that very Time. 12 


Having found the Sun's Declination, and brought the firſt 
lace (London) to the Meridian, ſet the Index to the given Hour, 
en turn the Globe about until the Index points to 12 at 
Joon; which being done, rhat Place upon the Globe which 


dian, has the Sun that Moment in the Zenith. 


at one Place, being given; to find all thoſe Places 
upon the Earth, where the Sun is then Riſing, Set- 
ting, Culminating, . {or on the Meridian; . alſo 
where it is Day-Light, Twilight, Dark-Night, 
Mid- night; where the Twilight then begins, and 
Where it ends The Heighth of 'the Sun in any Part 
of the illuminated Hemiſphere ; alſo his Depreſſion in 
ihe ob/cars  Hemiſhbere. .- -. ing 6a 


N Hour, rectify the Globe for the Latitude, and bring the 
d Place to the Meridian. | Th 
en 


| 

' 
| 
| 
|] 


ands under the Point of the Sun's Declination upon the Me- 


10 B. XI. The Day, and the Hour of the Day 


Having found the Place where the gun is Vertical at the gi- 


"A » IU 4 * = | 
40 Geographical Problem, 
Then all thoſe Places that are in the Weſtern, Semicirele of 
the Horizon, have the Sun riſing at that Time. 
Thoſe in the Eaſtern Semicircle have it ſetting. 
To thaſe Who. live under the upper Semicircle of the Neri 
dian, it is 12 0 Clock at Noon. And. i, 
Thoſe who live under the lower Semicircle of the Meridia 
have it Midnight. _:: 3 Wt © 
All thoſe Places that are ahove the Horizon, have the bu 
above them, juſt ſo much as the Places themſelves are diſtant 
from the Horizon; which Heighth may be known by ' fixiny 
the Quadrant of Altitude in the Zenith, and laying it ove 
any particular Place. TCNSICOT? um Os 
In all thoſe Places that afe 18 Degrees below the Weſter 
Side of the Horizon, the Twilight is 2 beginning in th 
Morning, or the Day breaks. And in all thoſe Places that an 
1 Degrees below the Eaſtern side of the Horizon, the Ty 
ight is ending, and the total Darkneſs beginning. 
The Twilight is in all thoſe Places whöſe en belo 
the Horizon does not exceed 18 Degrees. And, vp 
All thoſe Places that are lower than 18 Degrees have dat 


kak. eats 


Ni ht. 4 , WES 4 $ 9 
he Depreſſion of any Place below the Horizon is equal * 
ac 


the Altitude of its — which may be eaſily found by 
Quadrant of Altitude. Ot, : * 


The ſame another N. ay. F n 


At one Poſition 1 the Globe to demonſtrate where "| 
Day, where Night, where the Sun is intheir Zenit 
what is its Declination, where it is Morning, No 
Evening, how and where Night comes on, aud Di 
break appears, where tis continual Day or contitu 
Night, the Hour of the Day, &c. — 


1. Take the Terreſtria Ball out af the Horizon, and faſten 
Thread to the Latitude of the Place, 2. Hang it up ſafe in 
open Sun-ſhine. 2. Turn its Meridian due North and. South, 
the Help of the Compaſs, or rather a true Meridian-Line. 
Bring the Place to the Meridian, conſequently to the Zenil 
and the North Pole pointing to the North Pole in the Heavt 
8 I oe, Terreſtrial Globe correſpond in all Reſpects to 

elt. 


5. 


4 0 | z. Naar N 8 
Sect. 3. Sd by the Globes. 4 
+! Then with Pleaſure may one behold the little Globe; like 
the lig vhs having one Helf light, the other dark, and con- 
ſeq uently where Day is, and where it is Na "> 
6. If à $hiric Gnomon be ſet in the Middle of the enlightned 
emifphere, it will project no Shadbw, which demonſtrates the 
gun to be in the Zenrth of that Place,” which Place moved to 
Me Meridian, * the Latitude of that Place, and the preſent 
Declination o W | nk en 


the Syn. © 8 
A Shheric Gnomon may be a Pin perpendicularly erected on 
2 ſmall Baſis of Wood or Cork, with an hollow Bottom to 
ſtand on the Globe, not unlike a Coffee · cup inverted. 


7. All Places then under the Meridian have their Noon or 
lid- night according as they are Light of Dark: Thoſe on the 
t have their Morning, for with them the San is Eat: Thoſe 
dn the Eaſt have their Evening, for with them the Sun is We. 
8. Bring then your Place ro the Meridian, and all thoſe 
places lying betwixt the enlightned and dark Half have the 
un in their Horizon Riſing, if Weſtward off the Meridian; 
ut Setting, if Eaſtward. | | 
9. Keeping the Globe ſteady, one may ſee on the Eaſt, what 
laces grow dark, there Night comes on; and on the ef, what 
Jaces grow light, there Day approaches. | 
10. Obſerve in what Degree of _— the Light is parted 
rom the Dark Halt ; the Difference of Longitude berwixt it and 
> Loxgitude of any Place reduced into Time; ſhows how long 
is to or ſince Sun-riſe, or Sun- ſet, according to the Situation 
f the Place. | 

11. As many Degrees as the Sun-ſhine reaches beyond either 
brth or South-Pote, to may Degrees is his Declination North or 
puth, 

12, In all Places about the Pole where it is Sun-ſhine, while 
e Globe is turned round, there is conſtant Day, till the Sun 
creaſe in Declination. | 

13. In the oppoſite Pole where *tis dark, while the Globe is 
Irmed round, there will be continual Night, till the Sun des 
eaſe in Declination. 


Ko B. XII. To find the Length of the longeſt and 
ſhovteft Day and Night in any given Place, not 
exceeding 66% Degrees of Latitude. 


Abe. Nr, The longeſt Day at all Places on the 


Zenit 
we Jab © Side of the Equator, is when the Sun Is in the ficſt 


"uw MM . 
Th oint 14 Wherefore baving rectified the Globe 


* G | for 


faſten 
> in 


youth, 
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for the Latitude, find the Time of Sun-rifing and Setting 
and thence the Length of the Day and Night . qu 
ding to the Place of the sun: or having rectifed the 
Globe for the Latitude, bring the ſolſtitial Point of that He. 
milphere to the Eaſt Part of the Horizon, and ſer the Index ty 
12 at Noon; then turning the Globe about till the ſaid 80 
ſtitial Point touches the Weſtern Side of the Horizon; the 
Number of Hours from Noon to the Place, where the Indet 
. (being counted according to the Motion of the Inder 

s the Length of the Longeſt Bay; the Complement whertaf 
to 24 Hours, is the Length of the ſhorteſt Night, and the Rs 
verſe gives the ſhorteſt Day and the longeſt Night. 


Longeſt Day. Short. Night» 
Deg. Hours. Hours. 
| - - Cos — 5k 82 
Thus in Lat. 451% — 16% 74x | f t 
60 — 184 FL | 


If from the Length of the longeſt Day, we ſubtract 12 Houn 
the Number of Half-Hours remaining will be rhe Climate: Thus 
that Place where the longeſt Day is 164 Hours. lies in the 30 
Climate. And by the Reverſe, having the Climate, we han 
thereby the Length of the longeſt Day. 


Px Oo B. XIII. A Place being given in one of tl 
Frigid Zones / ſuppoſe the Northern) to find what 
Number of Days {of 24 Hours each) the Sun di 
conſtantly ſbine upon the ſame, how long be is abſent 
and alſo the firſt and laſt Day of his Appearance. 


Having rectiſed the Globe according to the Latitude, turn i 
about until ſome Point in the firſt Quadrant of the Eclipt! 
(becauſe the Latitude is North) interſect the Meridian in d 
North Point of the Horizon; and right againſt that Point of 
the Ecliptic on the Horizon, ſtands the Day of the Monti 
when the longeſt Day begins. | 

And if the Globe be turned about till ſome Point in the ſe 
cond Quadrant of the Ecliptic cuts the Meridian in the ſam 
Point of the Horizon, it will ſhew the Sug's Place when the 
longeſt Day ends; whence the Day of the Month may be found 
a5 before. Then the Number of Natural Days contain'd be 
eween the Times the longeſt Day begins and ends, is tif 
Length of the longeſt Day required. Agri 
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Again turn the Globe about, until ſome Point in the third 
12drant of the Ecliptic cuts the Meridian in the Sub Part of 
he Horizon; that Point of the Ecliptic will give the Time 
hen the longeſt Night begins. Laffly, Turn the Globe about 
ntil ſome Pqint in the fourth Quadrant of the Eclipric cuts 
he Meridian in the South Point of the Horizon; and that 
doint of the Ecliptic will be the Place of the Sun, when the 
ongeſt Night ends, 5 5 | 
Or, the Time when the longeſt Day or Night begins, being 
nown, their End may be found by counting the Number ok 
days from that Time to the ſucceeding Solſtice; then counting 
he ſame Number of Days from the Solſtitial Day, will give 
he Time when it ends. 1 
Or. if we bring the Solſtitial Point S to the North Part of 
e Meridian, then keep the Globe in that Poſition; the Place 


here the Ecliptic cuts the North-Eaftern and North Weflern Parts 
f the Horizon, will be the Sun's Place when the longeſt Day 


Wegins and ends; and where it cuts the Suth-Weſtery, and Suth- 
ern Parts of the Horizon, will be the Place of the Sun when 
ee longeſt Night begins and ends. . 

Thus at the North - Cape on the Coaſt of Lapland, in the Lati- 
de of 714 Degrees, the longeſt Day begins about the 4th of 
ſay, and ends the 19th of Fuly following, during the Space of 
7 Days; after which, the Sun riſes and ſets till the 4th of No- 
ember, when he but firſt touches the Horizon in the Souther- 
oſt Point of it. and then continues below it till the 16th of 
enury. when he'll juſt appear to riſe in the Meridian after 
dad been hid below the Horizon, for the Space of 73 N#z4 
ral Days. which is the Length of the longeſt Night. So that 
e ” Day is longer than the longeſt Night by the 
pace of 4 Days, which Inequality ariſes from the Eccentrici- 

y of the Earth's Orbit. . 
Afrer the ſame Manner may theſe Things be eafily found 

vr any Place either within the Arctic or Antactic Circle. 
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AI TABLE grewin the longeſt Day in all 
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P R O B. XIV. To 


Let the Place be in the Northern Hemiſphere; then if ti 
Complement of the Latitude be greater than (the Depreſſion 
18 Degrees, ſubtract 18 Degrees from it, and the Remaind: 


9 


ind the Time when total Dark 
meſs ceaſes, or when the Twilight continues from Sut 
ſetting to Sun=riſing, in any given Place. 


1. E 
med 
1 
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ill be the Sun's Declination North, when total Darkneſs ceaſes, 
t ir the Complement of the Latitude is lefs than 18 Degrees, 
eir Diffetence will the Suns Declination Sputb, when the 
wilight begins to continue all Night. If the Latitude is 
th, che only Difference will be, that the Sun's Declination 
ill be on the contrary Side. f | 

Thus at London, when the: Sun's Dedlination North is greater 
an 204 Degrees, there is no total Darkneſs, but conſtant 
wiight, which happens from the 15th of Ay to the 7th 
f Fuly, being near two Months. Under the Nowb Pole the Twi- 
ght ceaſes, when the Sun's Declmation is greater than 18 Pe- 
rees South ; which is from the ad of Novembzr, tall the 18th of 
amuary: So that notwithſtanding the Sun is abſent in this Part 
f the World for half a Year N et total Darknets 
des dot continue above 11 Weeks; and beſides, the Moon iS 
zove the Horizon one d Monch for a whole portnight, 
10 zhout che Lear. 5 f AN 3:4 


x03. XV. The Day of the Month being given, 
to find thoſe Places of the. Frigid Zones, where the 
Sun begins to ſbiue conſtantly, without ſetting ; and 
alſo thoſe Places where be begins to be totally ab. 
ſan. 


Bring the Sun's Place to the Meridian, and mark the Num- 
r of Degrees contained betwixt that Point and the Equator 3 
en count the ſame Number of Degrees from the neareſt 
dle (viz. the North-Pole, if the Sun's Declination is Northerly, 
herwiſe the South Pole) towards the Equator, and note that 
pint upon the Meridian ; then turn the Globe about, and all 
e Places which paſs under the ſaid Point, are thoſe where 
e Sun begins to ſhine conſtantly, without ſetting on the 
ven Day, If we lay the ſame Diſtance from the oppoſite 
dle towards the Equator, and turn the Globe about. all the 
Iaces which paſs under that Point, will be thoſe where the 
ngeſt Night begins. | 
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Or, Otherwiſe. 


= 
wy 
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1. Find the Sun's Declination for that Day. 2. Reckon the 


me Number of Degrees with the Declination from the Pole 
. 1 towards 
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towards the Equator on the Meridian. 3. All the places palſy 
under that Degree, while the Globe is turned round, are thof 
Places on which the Sun begins xo ſhine or diſappear, with 


this Diſtinction. | 
When the Deelination is North increaſing, the Sun begi 
Shine . North & R: | | 
t J Difappear$ * the J 8 Frigid Zone. | 2 
But when the Declination is South increaſing, the Sun begir 
Shine 1 South n. 
to J Dilfppear d in the > Nun 8 Bid Zawe- 
Loet the Day given be in Spring er Autumn. 


Pros. XVI. In the Frigid Lones to find the Timed 


Sun-ſhine, and his Diſappearance; alſo the firſt auf 


laft Day of his Appearance, having a Place git 


1. Find its Latitude. 2. Count how many Degrees its Lat 


tude wants of 90%. or is diſtant from the Pole, which Numb 


account the Sun's Declination both North and South, increalin 
and decreaſing. 3. By this Declination find the Sun's Place 
which will be four, as is evident, by obſerving what Degre 
of the Ecliptic are cut by the Degree of Declination on the) 
Tidian on both Sides of the Equator. 4. Againſt the ſ#id fol 
Places of the Sun in the Horizon, find the four Days and Mond 
in all the Quarters. Then obſerve, _ | 


If the Place be in the Nurth Frigid Aue, the Day in th 
Spring Firſt betwixt which the 
Summer ¶ Quarter JLaſt{ of the 3 Appearance | m 


Y Axtxmnl is the ] Firſt ? Sun's : , i 
[ime d Cad orten wagte Bi 


But if the Place be in the South Frigid Zone, the Day in th 
" Spring © Firſt « T betwint whichthe$ 
Summer {© Quarter JLaſtf of the Dil never Riſes. 

Autumn ( is the ]irſt f Sun's X : 
Wiate Laſt Appearance 8 never ge 


In a Table of Declinati F 
reckoned exactly. eclinatian may the Days be eaſily found 


Pao 
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bob. XVII. Any Number of Days Iſs than 182, 
to find the Latitude, wherein the Sun ſetteth not, 
during thoſe Days. 


1. Count from S on the Ecliptic ſo many Degrees as half the 
umber of Days given, ſave one. 2. Bring that Point where 
e Count ends to the Meridian. 3. The Degree of the Meri- 
an juſt over it deduct from go, the Remainder is the Latitude 
mb; if it were required in the Sth Latitude; do the like 
om y, Ce. as before. | 
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Afrrenomical PROBLEMS. 


Solv'd by the 
LOBE S. 


PROBLEM I. 


Day of the Month being given; to find the 
Sun's Place in the Ecliptic, and his Declination. 


O find the Sun's Place: Look for the Day of the Month 
given in the Kalendar of Months upon the Horizon, 
d right againſt it we find that Sign and Degree of the 
iptie which the Sun is in: The Sun's Place being thus found, 
dk for the ſame in the Ecliptic Line which is drawn upon the 
obe, and bring that Point to the Meridian; then that De- 
e of the Meridian which is directly over the Sun's Place is 
* Declination, required. which is accordingly either North or 
th, as the Sun is in the Northern or Southern Signs. Thus 
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Sn q Place. Dec linen 
Deg, Min. Peg. Min. x 
April 12 3 00 N 
Fuly 20 G 7 FI 08 - ©} Wy wah 
October 15 mM 2 49 12 28 1 
January 9 % 7 %% 5 | 


PAO B. II. To revify the Globes | for the Lauma 
| Zenith, and the Sun's Place 


1. For the Latitude: If the Place be in the Northern Hen 
ſphere, raiſe the Arctic Pole above the Horizon; bur for 
Suuth Latitude, raiſe the Antarctic; then move the- Meridi 
up and down in the Notches, until the Degrees of the Latitui 
counted upon the Meridian below the Pole, cuts the Hoxizot 
and then the Globe is adjuſted to the Latitude. | 

2. To rectify the Globe for the Zenith: Having elevated the Glo 
according to the Latitude, count the Degrees thereof upont 
Meridian from the Equator towards, theelevated Pole, and thi 
Point will be the Zenith or the Vertex of the Place: To thi 
Point of the Meridian faſten the Quadrant of Altitude, fo th 
the graduated Edge thereof may be joined to the faid Point 

3. Bring the Sun's Place in the Eclipyc to the Meridiag a 
then ſet the Hour-· Index to- XII at Noon, and th Globe? 
be rectified to the Sun's Place. | 
If there be a little Mariners Compaſs, the Meridian oft 
Globe may be eaſily ſer to the Meridian of the Place. 


PA o B. III. The Day of the Month being giva 
to ſhew, at one View, the Length of Day aua 
in all Places upon the Earth at that Time; 
to explain how the Viciſſitudes of Day and Ni | 


are really, made hy the Motion of the Earth t 
its Axis in 24 tours, the Sun ſtanding ſtill. ay 
mn iti 

The sun always illuminates one half of the Globe, or e 
Hemiſphere which is next towards him, while the other .de 
mains in Darkneſs: And if we elevate the Globe accord Fat 


to the Sun's Place in the Ecliptic. it is Evident, that the Sl 
(being at an immenſe Diſtance from the Earth) illuminates 
that Hemiſphere, which is aboye the Horizon ; the mA 

| oriz0 
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lorizon it ſelf will be the Circle terminating Light and Dark- 
eſs; and all thoſe Places that are below ir, are wholly de- 
rived of the Solar Light. | 

The Globe ſtanding in this Pofition; thoſe Arches of the 
zrallels of Latitude which ſtand above the Horizon, are the 
iurnd! Arches, or the Length of the Day in all thoſe Latitudes 
that Time of the Year; and the remaining Parts of thoſe 
xrallels, which are below the Horizon, are the Nocturnal Arches, 
r the Length of the Night in thoſe Places. The Length of 
e Diurndl Arches may be found, by counting how many Hours 
e contained between the two Meridians, cutting any Paral- 
| of Latitude, in the Eaſtern or Weſtern Parts of the Ho- 


z0n. | 
In all thoſe Places that are in the Weſtern Semicircle of the 
orizon, the Sun appears Rifing : For, the Sun ſtanding ſtill 
the Vertex, (or above the Braſs-Meridian) appears Eaſterly, 
d 90 Degrees diſtant from all thoſe Places that are in the 
eſtern Semicircle of the Horizon; and therefore in thoſe 


Glo aces he is then Riſing. Now if we pitch upon any particu- 
r- r Place upon the Globe, and bring it to the Meridian, and 
ad thi 


© — the Hour-Index to the lower XII, which in this 
ale we' 

umbers upon the Hour-Circle will not anſwer our Purpoſe ;) 
d afterwards turn the Globe about, until the aforeſaid Place 
brought to the Weſtern Side of the Horizon; the Index 
ill then ſhew the Time of Sun-rifing in that Place. Then 
Irning the Globe —— about from Weſt to Eaſt, and 
inding the Hour-Index; we ſhall ſee the Progreſs made in 
e Day every Hour, in all Latitudes upon the Globe, by the 
al Motion of the Earth round its Axis; until, by their con- 
nual Approach to the Braſs- Meridian (over which the Sun 
ands ſtill all the while) they at laſt have Noen-Day, and the 
n appears at the higheſt; and then by degrees. as they move 
aſterly, the Sun ſeems to decline Weſtward, until. as the 
laces ſucceſſively arrive in the Eaſtern Part of the Horizon, 
e Sun appears to ſet in the Weſtern; for the Places that are 
the Horizon, are 9o Degrees diſtant from the Sun. We 
ay obſerve, that all Places upon the Earth, that differ in 
atitude, have their Days of different length, (except when 
e Sun is in the Equinoctial) being longer or ſhorter, in 
her roportion to what Part of the Parallels ſtand above the Ho- 
ordne ron. Thoſe that are in the ſame Latitude have their Days 
he f the ſame Length; but have them commence ſooner or later, 
ates MPecording as the Places differ in Longitude. 

/ 000 ; 
ori 


OT dn 


ſuppoſe to be 12 at Noon, (becauſe otherwiſe the, 
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P x Oo R. IV. To explain in general the Alteratim i" 
bi Seaſons, or Length of the Days and Nights, mak 

5 in all Places of the World, by the Suu (i th 
Earth's) aunual Motion in the Ecliptics © 
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It has been ſhewn in the laſt Problem, how to place the Glen 
in ſuch a Poſitiqn, as to exhibit the Length of the Di 
and Noturnat Arches, in all Places of the Earth, at a particu 
Time: If the Hour-Circle be taken off, ſo that the Poles « 
the Globe may be brought to the Horizon; and the Globe 
continually rectified, according as the Sun alters his Decling 
on, (which may be known by bringing each Degree of th 
Ecliptic ſucceſſively to the Meridian) we ſee the gradual ] 
creale or Decreaſe made in the Days in all Places of the Wor 

according as a greater or leſſer Portion of the Parallels of 
titude ſtand above the Horizon. We ſhall illuſtrate this ! 
blem by Examples taken at different Times of the Year. 

I. Let the Sun be in the firſt Point of S, (which happens 
the 1oth of Fune) that Point being brought to the Meridi 
will ſhew the Sun's Declination to be 234 Degrees North; the 
the Globe muſt be rectified to the Latitude of 234 Degree 
and for the better Illuſtration of the Problem, let the firſt M 
ridian upon the Globe be brought under the Braſs Meridia 
The Globe being in this Poſition, we ſee at one View to 
Length of the Days in all Latitudes, by counting the Numb 
of Hours contained between the two extreme Meridians, c 
ting any particular. Parallel we pitch upon, in the Eaſt 
and Weſtern Part of the Horizon. And we may obſer 
that the lower Part of the Arctic Circle juſt touches the Hot 
zon, and conſequently all the People who live in 
Latitude have the Sun above their Horizon for the Space 
24 Hours, without ſetting; only when it is in the lower g 
of the Meridian (which they would call 12 at Night) he jt 
touches the Horizon. | 

To all thoſe who live between the Arctic Circle and th 
Pole, the Sun does not ſet, and its Heighth above the Ho 
ron, when he is in the lower Part of the Meridian, is equal! 
their Diſtance from the Arctic Circle : For Example, Thol 
who live in the Soth Parallel have the Sun, when he is loi 
eſt, at this Time 134 Degrees high. 1 

If we caſt our Eye Southward, towards the Ba 1 
thall find. that the Diurnal Arches, or the Length of the Da 
in the ſeveral Latitudes, gradually leſſen: The Diurnal Arc 
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quator (is always) 12 Hours; and ſo contigually leſs, till we 
pme to the Antarctic Circle, the upper Part of which juſt rouches 
e Horizon; and thoſe who live in this Latitude, have juſt 
ne fight of the Sun, peeping as it were in the Horizon, 
nd ol that Space between the 'AntarFic Circle and the Sbuth 
ole, lies in total Darkneſs. | OTE 
If from this Poſition we gradually move the Meridian 
the Globe, according to the progreſſive Alterations 
ade in the Sun's Declination, by his Motion in the Ecliptic; 
e ſhall find the Diurnal Arches of all thoſe Parallels, that 
e on the Northern Side of the Equator continually decreaſe ; 
jd thoſe on the Southern Side continually increaſe, in the 


lin me Manner as the Days in thoſe Places ſhorten and lengthen. 
of Mt us again obſerve the Globe, when the Sun has got with- 
ual ] 10 Degrees of the Equinoctial; now the lower Part of the 
Won ch Parallel of North Latitude juſt touches the Horizon, and 
of | the Space betwixt this and the Pole, falls in the illumina- 


| Hemiſphere 3 but all thoſe Parallels that lie betwixt this 
d the Arctic Circle, which before were wholly above the 
drizon, do now interſect it, and the Sun appears to them to 
e and ſet. From hence to the Equator, we ſhall find that 
e Days have gradually ſhortned; and from the Equator 
uthward, they have gradually lengthned, until we come to 
e goth Parallel of Suth Latitude; the upper Part of which 
ſt touches the Horizon, and all Places betwixt this and the 
th Pole are in total Darkneſs: But thoſe Parallels betwixt 
is and the Antarctic Circle, wfich before were wholly above 
e Horizon, are now partly above it; the Length of their 
Is being exactly equal to that of the Nights in the fame 
titude in the contrary Hemiſphere, This alſo holds univer- 
ly, that the Length of the Day in one Latitude North, is ex- 


1h; and vice verſa. 
Let us again follow the Motion of the Sun, until he has got 
to the Equinoctial, and take a View of the Globe while it 
in this Poſition. Now all the Parallels of Latitude are cut 
to two equal Parts by the Horizon, and conſequently the 
ys and Nights are of equal Lengths. viz. 12 Hours each in 
Places of the World ; the Sun riſing and ſetting at Six 
Clock, excepting under the two Poles, which now lie exactly 
the Horizon: Here the Sun ſeems to ſtand ftill in the fame 
dint of the Heavens for ſome Time, until by Degrees, by 
Motion in the Ecliptic, he aſcends higher to one, and dil- 
pears to the other, there being properly no Days and Nights 
oY ne, | under 


f the Parallel of London at this Time is 164 Hours; that of the 


ly equal to the Length of the Night in the ſame Latitude 


. 
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under the Poles ; for there the Motion of the Earth round iy 
Axis can't be obſerved. | | 
" If we follow the Motion of the Sun towards the Southen 
Tropic, we ſhall ſee the Diurnal Arches of the Northern g 
rallels continually decreaſe, and the Southern ones increaſe i 
the ſame Proportion, according to their reſpective Latitude, 
The North Pole continually deſcending, and the South Pole 

ſcending above the Horizon, until the Sun arrives into , « 
which Time, all the Space within the Antarctic Circle is aboy 
the Horizon; while the Space between the Arctic Circle ant 
its Neighbouring Pole, is in total Darkneſs: And we ſhall no 
find all other Circumſtances quite reverſe to what they v 
when the Sun was in S; the Nights now all over the Woll 
being of the ſame Length that the Days were of before. 


We have now got to the Extremity of the Sun's Declinat s 
on; and if we follow him thro? the other half of the Era 
tic, and rectify the Globe accordingly, we ſhall find the 8M. - 
ſons return in their Order, until at length we bring the Glo rts 
into its firſt Poſition. | | | Ne 

1 

PR Oo B. V. To ſbew by the Glabe, at one View, . 
Length of the Days and Nights in any particu 
Place, at all Times of the Tear. L . 

| ppo 

- Becauſe the Sun by his Motion in the Ecliptic, alters his le 
clination a ſmall Matter eyery Day; if we ſuppoſe all Mat 
Torrid Zone to be filled up with a Spiral Line, kaviog ſo nf is 
ny Turnings; or a Screw having ſo many Threads, as ty * 
Sun is Days in going from one Tropic to the other; le 
theſe Threads qt the ſame Diſtance from one another in ile 
Places, as the Sun alters his Declination in one Day in Hebe. 
thoſe Places reſpectively. This Spiral Line or Screw will IN 
preſent the apparent Paths deſcribed by the Sun round tile 
Earth every Day; and by following the Thread from on ſo f 
Tropic to the other. and hack again, we ſhall have the P ſelf 
the Sun ſeems to deſcribe round the Earth in a Year. But to 
cauſe the Inclinations of theſe Threads to one another are bu]W! thi 
ſmall. we may ſuppoſe each Diurnal Path to be one of th fur 
Parallet>-of Latitude, drawn. or ſuppoſed to be drawn upofctly 
the Globe. Thus much being premiſed, we ſhall explain chſ'elp 
Problem. by placing the Globe according to ſome of the moi Le 
Temark#le Poſitions of it; as before we did for the moſt Lat 
markaple Seaſons of the Year, es ns. wy 

: f : « es [ 
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In the preceding Problem, the Globe being rectified according 
the Sun's Declination, the upper Parts of the Parallels of 


titude, repreſented the Diurnz} Arches, or the Length of the 
n N, all over the World at that particular Time: Here we are 
aſe i rectify the Globe according to the Latitude of the Place, 
tudes 1 then the upper Parts of the Parallels of Declination are 


e Diurnal Arches ; and the Length of the Days at all Times 
the Year, may be here determined, by findifig the Number 
Hours contained between the two extreme Meridians 

ich cut any Parallel of Declination, in the Eaſtern and 
feſtern Points of the Horizon; after the ſame Manner as 
fore we found the Length of the Day in the ſeveral Lati- 
les at a particular Time of the Year. 

1, Let the Place propoſed be under the Equinoctial, and let 
> Globe be accordingly rectified for oo Degrees of Latitude, 


linat ich is called a direct Poſition of the Sphere. Here all the 
Eci tallels of Latitude, which in this Caſe we'll call the Paral- 
_ s of Declination, are cut by the Horizon into two equal 
fs 00 


rts; and n thoſe who live under the Equinoctial 
e the Days and Nights of the ſame Length at all Times of 
> Year alſo in this Part of the Earth, all the Start riſe and 
, and their Continuance above the Horizon, is equal to 
ir Stay below it. viz. 12 Hours. 

f from this Poſition we gradually move the Globe accor- 
g to the ſeyeral Alterations of Latitudes, which we will 
poſe to he Northerly; the Lengths of the Diurnal Arches 
Il continually increaſe, until we come to a Parallel of De- 
nation, as far diſtant from the Equinoctial, as the Blace it 


ſo nf is from the Pole. This Parallel will juſt touch the Hori- 
as Un, and all the Heavenly Bodies that are betwixt it and the 
; le never deſcend below the Horizon. In the mean Time, 
in ile we are moving the Globe, the Lengths of the Diurnal 
in i ehes of the Southern Parallels of Declination, continually 
vill iniſh in the ſame Proportion that the Northern ones in- 


aſed; until we come to that Parallel of Declination which 
ſo far diſtant from the Equinoctial Sobtherly, as the Place 


m of 
e Pu (elf is from the North Pole. The upper Part of this Parallet 
zut touches the Horizon, and all the Stars that are betwixt ir 
zre bu the South Pole, never appear above the Horizon. All the 


durnal Arches of the Southern Parallels of Declination, are 
aly of the ſame Length with the Diurnal Arches of the 
reſpondent Parallels of North Declination., 
Let us take a View of the Globe, when it is re&ified for 
Latitude of London, or 514 Degrees North. When the Sun 
in the Tropic of S, the Day is about 16 Hours; as he re- 
es from this Tropic, the Days proportionably ſhorten, 3 
b . dl 


; | - I 2 | "TAP . 
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til he arrives into VS, and then the Days are at the ſhorty 
being now of the ſame Length with the Night when g 
Sun was in S, viz. 74 Hours. The lower Part of that Pu 
lel of Declination, which is 384 Degrees from the Equinodig 
Northerly, juſt touches the Horizon; and all the Stars thi 
are betwixt this Parallel and the North Pole, never ſet to q 
at London. In like Manner the upper Part of the Southern | 
rallel of 385 Degrees juſt touches the Horizon, and all the 80 
that lie betwixt this Parallel and the South Pole are never 
fible in this Latitude. Eng” 
Again, let us rectify the Glohe for the Latitude of the 4 
Circle, we (hall then find, that when the Sun is in S, he touch 
the Horizon on that Day, without ſetting, being 24 Hon 
complete above the Horizon; and when he is in Capricorn, | 
once appears in the Horizon, but does not riſe for the Spi 
of 24 Hours: When he is in any other Point of the 1 10 
the Days are longer or ſhorter, 8 to his Diſtance fro 
the Tropics. All the Stars that lie between the Tropic 
Cancer, and the North Pole, never ſet in this Latitude; and tho 
that are between: the Tropic of Capricorn and the Sourh Pole, 
always hid below the Horizon. | | | 
If we elevate the Globe ſtill higher, the Circle of perfen 
Adparition will be nearer the Equator, as will that of perfet 
Occultation on the other side, For Example, Let us gettify t 
Globe for the Latitude of 80 Degrees North 3 when the Sit 
Declination is 10 Degrees North, he begins to turn above 
Horizon without ſetting, and all the while he is making lis x 
greſs from this Point to the Tropic of S, and back again, 
never ſets. After the ſame Manner, when his Declination 
10 Degrees Huth, he is juſt ſeen at Noon in the Horizon; a 
all the while he is going Southward; and back again, he dil 
pears, being hid juſt ſo long as before, at the oppoſite Tit 
of the Year, he appeared vihble = Ugg 

Let us now bring the North Pole into the Zenith, then m1 
the Equinoctial coincide with the Horizon; and conſequent 
all the Northern Parallels are above the Horizon, and 
Southern ones below it. Here is but one Day and one Nig 
throughout the Year; it being Day all rhe while the Sun 
to the Northward of the Equinoctial, and Night for the ot 
half Year. All the Stars that have North Declination alwi 
appear above the Horizon, and at the ſame Heighth; and d 
thoſe that are on the other Side, are never ſeen. 

What has been here ſaid of rectifying the Globe to North 
titude, holds for the ſame Latitude Soxth; only that beforet 
longeſt Days were, when the Sun was in S: the ſame happel 
ing now when the Sun is in y; and ſo of the reſt of the 

[0 © N "capt 0 R : » el 
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ho ene, the se ſons being directly oppoſite to thoſe who live 
iterent Hemiſpheres. 

t Pat The three foregoing Problems are very uſeful, as they give 

Nous general Idea how the Seaſons are altered in all Places of 

urs OS. World, and do very well deſerve the particular Attention 

to the Reader; it being undoubtedly entertaining, to know 

1 \w theſe Things are brought about by the regular Courſe of 
g ature, | 

ever ror the Sake of the Reader, I ſhall explain ſome Things de- 

be 48 ered above in general Terms, by particular Problems. 

nut from what has been already ſaid, we may firſt make the 


touch f ; 

; flog lowing Obſervations. 
71 =. % Places of the Earth do equally enjoy the Benefit of the Sun, in 
7 Kr e of Time, and are equally deprived of it; the Days at one Time of 
© fa Tear being exactiy equal to the Nights at the oppoſite Seaſon. 
gg. In all Places of the Earth, ſave exactly under the Poles, the Days 


— of equal Length, (viz. 12 Hours each) when the Sun is in 
Equinoctial. 

"Thoſe who live under the Equinoctia, have the Days and Nights of equal 
oth, at all Times of the Tear. | 

. In all Places between the Equinoctial and the Poles. the Days and 
pbts are never equal, but when the Sun is in the Equinoftial Points V 
5. The nearer any Place is to the Equator, the leſs is the Difference between 
Length of 2 Artificial Days and Nights in the ſaid Place; and the more 
te, the Greater. 

gun, IS. 7 all the Inhabitants lying under the ſame Parallel of Latitude, the 
191 5 and Nights are of equal Lengths, and that at all Times of the 
l:, V. P 

he - . The Sun i Vertical twice 4 Tear, to all Places between the Tropics ; to 
ite Ie under the Tropics, once 4 Tear, but never any where elſe. 

| In all Places between the Polar Circles, and the Poles, the Sun appears 
hen e Number of Days without ſetting; and at the oppoſite Time of the Tear, 
10 for the ſame Length of Time without riſing: and the nearer unto, or 
and U ber remote from the Pole, thoſe Places are, the longer or ſborter is the 
e Ni coninued Preſence in. or Abſence from the ſame. * 

e SUN . In all Places lying exactly under the Polar Circles. the Sun, when he 
he is i the neareſt Tropic. appears 24 Hours without ſetting ; and when be is 
n EY be contrary Tropic he is for the ſame length of Time without riſong 3 
and A al other Times of the Tear be riſes and ſets there, as in other 


(es, 


> Inall Places ing in the $971” & Hemiſphere, the ingen Day, and 


i Nighry is when ile bin i in the J Genen & Di and the comprar 


the Horizon, and the Index will ſhew the Time when the g 
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Pro B. VI. The Latitude of any Place, not exc 
ing 665 Degrees, aud the Day of the Mouth. bei 
given, to par the Time of Sun-riſing and ſtin 
and the Length of the Day and Night. 


Having rectified the Globe according to the Latitude, þ I 
the Sun's Place to the Meridian, and put the Hour-Index | 
Iz at Noon; then bring the Sun's Place to the Eaſtern Part 


riſes. Again, turn the Globe until the Sun's Place be brouy 
to the Weſtern Side of the Horizon, and the Index will ſu 
the Time of Sun-ſerting. | 

The Hour of Sun-ſetting doubled, gives the Length off 
Day; and the Hour of Sun-rifing doubled, gives the Length 
the Night. 

Let it be required to find when the Sun riſes and ſets at 
don on the 20th of April. Rectify the Globe for the Latiu 
of London, and having found the Sun's Place, correſponding 
April the 20th, viz. © 104 Degree, bring © 10+ Degrees to 
Meridian, and ſet the Index to 12 at Noon; then turn! 
Globe about till 8 104 Degrees be brought to the Fall 
Part of the Horizon, and we'll find the Index point 44 Hoi 
this being doubled, gives the Length of the Night 94 Hol 
Again, bring the Sun's Place to the Weſtern Part of the 
T1zon, and the Index will point 74 Hours, which is the Ti 
of Sun-ſerting; this being doubled, gives rhe Length of 
Day 14z Hours. 


Pros. VII. 5 find in what Latitude the lon 
Day is, of any given Length Jeſs than 24 Hours 


Bring the Solſtitial Point to the Meridian, and ſet the In 
to 12 at Noon; then turn the Globe Weſtward till the Ini 
points at half the Number of Hours given: Which be 
done, keep the Globe from turning — its Axis, and! 


the Meridian up or down in the Notches, till the Solf on 


Point comes to the Horizon, then that Elevation of the Nee 
will be the Latitude. qua 


If the Hours given be 16, the Latitude is 4 Degrees; if 
Hours, the Latitude is 63+ Degrees. Ct” 


Px0 
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40 ;. VIII. To find in what Latitude the longeſt 
Day is of any given Length leſs than 182 Natural 
Days, in the Frigid Zones. 


. a 


ind a Point in the Ecliptic, half ſo many Degrees diſtant 


- 


om the Solſtitial Point, as there are Days given, and bring 


mY, ht Point to the Meridian; then keep the Globe from turn- 
aer ns round its Axis, and move the Meridian up or down until 
| Part OS: foreſaid Point of the Ecliptic comes to the Horizon: That 
= evation of the Pole will be the Latitude required. 001 
vill If the Days given were 78, the Latitude is 714 Degrees. 


This Method 1s not accutate, becauſe the Degrees in the E- 
iptic do not correſpond to Natural Days; and alſo becauſe 
e Sun does not always move in the Ecliptic at the ſame 
ate; however ſuch Problems as theſe may ſerve for Amuſe- 
ents, | 7 Ao 


s at | s 

Laritu — 1 ; . 
ding x 0 B. IN. Concerning the Equation of Civil Days; 
es to and to find how much any Number of Days its one 


Month is longer or ſborter, than the like Number of 
Days in another Month, even by the Globe: 


F the WY That one Day is longer than another, proceeds from 2 Cauſes 
the I The Sun's apparent Motion is unequal, being flower in 
h of ee than in Perigee 3 in the Firſt, ſcarce moving 58! daily, 


the other above 612. ol ne, 

The Kcond is the Difference of Right Aſcenſion, anſwerable 
> equal Parts of the Ecliptic, being far greater about the 
ropics than the Equinoxes. | „„ 
Now, then ſuppoſe the given Number of Days were 20 i 
o different Months. + 


the Jai Find the Sun's Places for the. Beginning and End of each 
the la Days, which will give four Points on the Ecliptic, anſwer- 
ich ble to which, find the Right Aſcenſions of the four Points 
and N foreſaid, then ſubtract the Right Aſcenſion of the Beginning 


rom the Right Aſcenſion of the Ending of thoſe Days te- 
pectively, if the Remains be equal, theti are each 20 Days 
qual to the other : But if one Remainder he greater than the 
ther find their Difference, and change thoſe Degrees and Mi- 
utes of Difference of Right Aſcenſion into Time, by allowing 

for every Degree, ſo will be found the Difference in Time, 

ene 20 Days are longer Fun the other, 9 


PR O;. 
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Px oz. X. The Day of the Month "being thu, 
find when the Morning and Hvemm TwWI ight þ 


. 
„ 


the Leng 
meant the Time from dun- riſing to Sun- ſer; and the Night 
reckoned from Sum- ſet till he roſe next Morning. But n. 
tound by Experience, that total Parieſs does not commente 1 
the Evening, till iche Sun has got 18 Degrees below the Hog 
zon; and when he comes within the fame Diſtance of the Hui 
ron next Morning, we have the firſt Dawn of Dey. This fu 
Eight which we have in the Morning and Evening before 
after the Sun's ciſing and ſetting, is what we call the Twilgh 


Prob. I. Having rectified the Globe for the Latitude, 
TI —_ _ the —— Place; turn the Globe, and 
adrant of Altitude until the Sun's Place cuts 1$ Degrees 
low the Horizon, (if the Quadrant reaches ſo far) ew | 
Index upon the Hour-Circle will ſhew the Beginning or b 
ing of Twilight, after the fame Manner, as before we fou 
the Time of daher ans ais in Prob. 6. But by Ret 
ſon of the Thickneſs of the Wooden - Horizon, we can't cu 
veniently ſee, or compute when the Sun's Place is brought 
the Point aforeſaid. Wherefore the Globe being refed 
above directed, turn the Globe, and aMfo the Quadrant of 
tirude Weſtward, until that Poinr in the Ecliptic, which | 
ppoſite to the Sun's Place, cuts the Quadrant in the 10 
exree above the Horizon; then the Hour-Index will f 
the Time, when Day breaks in the Morning. And if we tut 
the Globe and the Quadrant of Alritude, until the Point q 
poſite to the Sun's Place cuts the Quadrant in the 18th Degn 
in the Eaſtern Hemiſphere; the Hour-Hand will ſhew, whi 
Twilight ends in the Evening. Or, having found the” Tin 
from Midnight when the Morning Twilight begins; 
reckon ſo many Hours before Midnight, it will give the Tit 
when the Evening Twilight ends. 6 inf found the Tin 


when Twilight begins in the Morning, find the Time of 8 
riſing, by Prob. 6. and the Difference will be the Duration 
"wilight. | „ 1. 
Thus at London, on the firſt of May, Twilight begins at tin 
Quarters paſt One o' Clock; the Sun riſes gh ad duc Fa 
Hour paſt Four; whence the Duration of Twilight then Is 
Hours, both in the Morning and Evening. the” fitſt Hh 


\ 
' 


, 
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vember, the Twilight. begins at half an Hour paſt Six, being 


n 9113128. 2 „ n 10 10111 © \ Md 
x0 b. XI. W ud the Sun v Anni when if 
Fives by the Elbe. 


116 BN] fi 31:0 ect 19% OL BL J 08 93615 & ni 0G gut 
Having ſet the Frame of the Globe truly 'horfontal or le 
eh turn the Nirth Pale towards the Sun, and move the 'Meri- 
an upordown'en the Notches, till rhe Axis caſtsno Shadow 
en the Arch of the Meridian, contained betwixt- the Pole 
ad the Heatzon, is the Sun's Altitude, 8 en 
Nite, The beſt Way to find the Sun's Altitude, is by à little 
tuadrant graduated into Degrees, and having Sights and 2 
lummet to it: Thus, hold the Quadrant in your Hands, ſo us 
e Rays of the Sun may paſs thro* both the Sights; the Plum: 
t then hanging freely by the Side of the Inftrument, will 
t in the Limb the Altitude required. Theſe Quadrants ate 
d be had at the Inſtrument-Makers, with Lines drawn upon 
zem; for N the Hour of the Day, and the Aximuth, with 
— other pretty Concluſions, very entertaining far Be+ 

S. ' X : * a 6 ] J F 


„ 


x 0 B. XII. To find ip what Place elſe, the Sun 
hath the fate Altitalle with us, at the ſame 
Time. it ave. ere 4-4 | 
This is two-fold : Firſt, When, the sun is on the Meridian. 

$ When not. 29 \ 4 
1. When the Sun is on our Meridian, obſerve what Place is 
ve tu@atly under the Declination of the Sun, when the Globe is 
ated, and the Place brought to the Zenith; to this Plate 
t found rectify the Globe, as before, then turn about the 


, wi Ntedcane, all the Places that oo under any one Degree of 

. 2 have the sun that ſame Number of Degrees 
ish. | 

e 11988 Bit when the Sun is not on our Meridian, rectify the Globe, 

e Tue turn it about till the Index point at our preſent Hour. 


Pitch one Foot of a Pair of Compaſſes in the Sun's Place, 
tending the other to the Zenith Point on the Meridian. 3. 
urn about that Foot back, till it touch the Meridian on ſome 
Wee, whith, is the Latitude of the other Place, and the Lon- 
tude is the Tame as ours. | 

Before J conclude this, I ſhall detect one vulgar Error in 


12 
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Mrommy. . Tho* tis true that the sun comes to the Meridian, 
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of a Place different in Longitude 15 Degrees Weft from Dus 

exactly one Hour later, but tis not always, and exactly true 

on any other Hour or Azimuth if the Latitude differ. 

F New follows an Example, plainly elucidating the Trug 
ereof. 

Here the Sun, when in S, riſes at half an Hour paſt 3. Noy 
ſuppoſing a Place in Latitude 10 Degrees, but differing in Lot 
gitude from Dublin 90 Degrees, then and there the Sun riſy 
about three 1 paſt 5, unto which add Six Hours, th 
Difference in Time betwixt the Meridians of the two Place 
gives three Quarters paſt 11 with ns, when the Sun riſes th 
which is no leſs than 8 Hours and a Quarter after Sun-riſe wit 
us, whereas many believe it to be exactly 6 Hours after du 
riſe with us, but are miſtaken full 2 Hours and a Quarter, an 
would, whether the Longitude differ or not more or 
wherefore have reſpe& to the Latitude, when Queſtions d 
the Sun's preſent Altitude, Azimuth, Riſing and Setting in 
ther Places is required. | | 


P x O B. XIII. 7 he Latitude, and the Day of tl 
Month being given, to find the Hour of the Di 
when the Sun ſbines. | 


Having laced the Wooden Frame upan a Level, and th 
Meridian due North and South, rectify the Globe for the Lat 
rade, and fix a Needle perpendicularly over the Sun's Plac: 
The Sun's Place being brought to the Meridian, ſet the Hour 
Index to 12. at Noon, then turn the Globe about until th 
Needle points exactly to the Sun, and caſts no Shadow. at 
then the Index will ſhew the Hour of the Day. 


PR Oo B. XIV. The Sun's Azimuth being given, 
Place the Meridian of the Globe due North ani 
South, or to find a Meridian Line, when the Su 


ſhines., 


Let the Sun's Azimuth be zo Degrees South-Faſterly, ſet thi 
Horizon of the Globe upon a Level, and bring the North Polk 
into the Zenith; then turn the Horizon about, until hf 
Shade of the Axis cuts as many Hours as is equivalent to tht 
Azimuth, (allowing 15 Degrees to an Hour) in the North-Wel 
Part of the Hour-Circle ; viz. X at Night; which being dont 
the Meridian of the Globe fands in the true Meridian of th 


Left, 30 bold by the Globes. 51 
lace, The Globe ſtanding in this Poſition, if we hang two 
lummets at the Nurth and &urb Points of the Wooden Hori- 
on, and draw 2. Line hetwixt them, we'll haye a Meridian 
ine; which if it be on a fixed Plane (as a Floor or Window) 
© will be a Guide for placing the Globe due North and Suth at 
7 other Time. a 1 


ron. XV. The Latitude, Hour of the Day, 
aud the Sun's Place being given, to find the Sun's 
Altitude and Azimuth. © | a 


Rectify the Globe for the Latitude, the Zenith, and the Sun's 
Jace ; then the Number of Degrees contained betwixt the 
an's Place and the Vertex is the Sun's Meridional Zenith-Di- 
nce; the Complement of which, to 90 es, is the Sun's 
eridian Altitude. If we turn the Globe about until the In- 
points at any-other given Hour, then bringing the Qua- 
ant of Altitude to cut the Sun's Place, we'll have the Sun's 
titude at that Hour 3 and where the Quadrant cuts the Ho- 
on, is the Sun's Azimuth at the: ſame Time. Thus May the 
th at London, the Sun's Meridian Altitude will be 614 De- 
es; and at 10 Oo Clock in the Morning, the Sun's Altitude 


and Ul be 52 Degrees; and his Azimuth about 5o Degrees from 
1e Lars Such Part of the Meridian. 3 Bs: 
Place . 

> Hou 


A 0 B. XVI. The Latitude of the Place, and the 
Day of the Month being given; to find the De- 
reſſion of the Sun below the Horizon, aud his Axi. 
muth at any Hour of the Night. ot 


7 


wing reified the Globe for the Latitude, the Zenith, and 
Sun's Place; take a Point in the Ecliptic, exactly oppos 
to the Sun's Place, and find the Sun's Altitude, and Azi- 
th, as by the laſt Problem; and theſe will be the Depreſſion 
the Altitude required. Thus, If the Time given be the 
of November, at 10 o Clock at Night, the Depreſſion and 
muth will be the ſame as was found in the laſt Problem. 


ſet thi 
th Polt 
til the 
ro *. | 
h-We | 
0 done. P R OB, 
of the | 

Place. 


Hour of the Night: And where the Quadrant cuts the Ha 
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Bilq 


Pao» XVII The Denne, "and Merida 
Altitude of the Sun, or of any Sar being Bet 
o find abe Latitude of the Plat, & 


& 1 


„2 13130 

Mark the Point of Declination upon the Meridian, ace 
ding as it is either North or South, from the Equator; then ſii 
the Meridian up or down in the Notches, till the Port ft 
elination be ſo far diſtant from the Horizon as is the giya 
Meridian Altitude; that Eleyation of the Pale will be the 

Itu e. - 
g Thus, If the Sun's, or any Star's Meridian Altitude be 
Degrees Sumb, and its Dechinatiori 114 Degrees North, the. 
titude will be 314 Degrees MF. 


P x o b. XVIII. 20 knows Says buving the ii 
| Azimuth, or the ſame Heighth, being given; 40, 

> the Hour of the Night... : 24 3115 O h 1a 
ee Globe for abe Latitude, the Zenith; tad 
1. When the two Stars are in che ſame Aumuth. Thm! 
Globe, and alſd the Quadrant about, until both the Stits 
incide with the Edge thereof; chen will the Index ſhew | 


the two Stars ate of the. ſatne Altſrude, moße 
Globe ſo, that the ſame Degree on che Quadrant will 
both Stars; then the Index will ſnew the Hat. 
This Problem is uſeful when the Quantity, pf the Azimuth 
the two Stars, in the firſt-Caſe, or bf their Altitude 1n 
latter Caſe, is not known. 


zon, Face Azimuth of hoth Stars. 
ng 


PRO E. XIX. The Latitude, Day of the Mo 
and the Altitude of any... knows Star being giv 
to find the Hour of the Night. b 77% of 


Rectify the Globe for the Latitude, Zenith, and the cee 
Place: Turn the Globe, and the 93 of Altitude, bulji } 
ward or forward, till the Center of that Star meets the ( 
arant in the Degree of Altitude given; then the Index 
point the true Hour of the Night; and alſo where the 


* 


ef, 3. Sul'o"d by the Globes. 6 


3 


ant cuts the Horizon, will be the Azimuth of the Star ah. * 


Nm cn; ; 1p 9 & & 20 
R O B. XX. V ie Latitude, Sun v Ahitugde, 
and bis Declination by ey: of his Place in the E- 
diptic} are given; to fud the Hour of the Day and 
A_—_ | Ad 7. 30 | 
Rectify the Globe for the Latitude and Zenith; and having 
rought the 1 11 Colure to the Kare ſet the Index to 
> at Noon: Which being done, turn the Globe and the Qua- 
nt, until the given n in the EquinoGtial Colure 
its the Altitude on the Quadrant; then the Index will ſhew 
e Hour of the Day, and the Quadrant cut rhe Azimuth in 
e Horizon. e 


K 0 B. XXI. The Day and Hour of 4 Lunar or 


he Solar Etlipſe being known ; to find all thoſs Places 
upon the Globe in which the fame will be ſible. 
Find where the Sun is. Vertical at the given Hour, and bri 


at Point to the Zenith z then the Eclipſe will be viſible in 
pſe Places that are under the Horizon: Or, if we bring the 
atipodes to the Place where the Sun is Vertical, into the 
nith, we'll have the Places where the Eclipſe will be viſible 
ove the. Horizon. F VIP | 

ute, Becauſe Lunar Eclipſes continue ſometimes for à long 
ile together, they may be ſeen in more Places than one He- 
ſphere of the Earth; for, by the. Earth's Mation round its 
i, during the Time of the Eclipſe, the Moon will riſe in ſe- 
ra] Places after the Eclipſe began. | | 


Or, more exaHy thus. 


Having found the Declination of the Sun, elevate that Pole 
the Globe which is moſt remote from the Sun, till its N 
equal to the Sun's Declipation, convert the Time of the 
zinning of the Eclipſe from Noon into Degrees and Mi- 
tes, and if the Hour given be between Noon and Midnight 
tract it from the Longitude of the given Place to which 


is computed; but if it 1 5 between Midnight and the 


ceeding Noon, add to it the Langituile of the given Place, 

tude, e bring the Point in the EquinoQial oppoſite to this to 
ho Meridian, then a Line drawn by the Eaſtern Edge. of the 
. 


zon, will paſs thro' all holy, aces where the Moon a 
to begin to be eclipſed at her setting; and if m_ the 
greg 


Degree of the 1 then under the Meridian, be ſubtras 
che Duration of the Eclipſe reduced into Time, and 4 
Globe be turn'd about, till that degree under the Equinodij 
come to the Meridian, a Line drawn by the Weſtern: Edge. 
the Horizon will paſs thro* all thoſe Places where the Eclip 
will.end, at the Time of the Moon's Rifing, and conſeque 
Iy within all that Tract of the Earth's Superficies will the 
clipſe be viſible. a 1 


But for 4 Solar Eelipſe. 


When an Eclipſe of the Sun is Central, if we bm 
the Place where the Sun 1s Vertical at rhat Time, into the 
nith, ſome Part of the Edipſe will be viſible in moſt Pla 
within the upper Hemiſphere: But by reaſon of the ſhort! 
ration of Solar Eclipſes, and the Latitude which the Ma 
commonly has at that Time, (tho* but ſmall) there is nd « 
tainty in determining the Places where thoſe Eclipſes wil 
viſible, by the Globe; but recourſe muſt be had to Calci 
tions. Howbeir, by the Globes we thus come to a near | 
proximation. h | 

Firſt, Say, As the Semiliameter of the Earth's Dith ſeen * 
Moon: is to 89 Degrees :: $ is the Arch between the Centers of th: 
and Penumbra : to the Degree of 4 great Circle belonging to it:: A 
is 1he Kmidiameter of the Penumbra : to its Degrees. : 


2. Then bring to the Meridian the Place lying vertia 
under the Sun, and from thence Huth or North, according WWW 
the Moon's Latitude, number as many Degrees as anſwer to t 
Arch between the Centers firſt found, the End of this Ns 
ration gives the Place of the Earth lying in the Center of ir 
Penumbra. 3. In this Center ſet one Foot of the Compi t 
and the other Foot being turned about at the Diſtance of WH» 
Degree anſwering to the Semidiameter of rhe Penumbra is 
ſaid, ſhews that all thoſe Parts of the Earth incl 
within its Ambit are to ſuffer the Eclipſe; and conſequat. 
will ſee an apparent one in the Sun. A gieater Ecliple WF * 
nearer they lye to the Center of the Penumbra aforeſaid: | 
if this Semidiameter of the Penumbra on the Globe be din 
into 12 equal Parts, thro* which, if Concentric Cirtls 
drawn, then may the Digits of the Eclipſe in thoſe Place: b 
eſtimated. where the Center falls is either a total or ann... 
Eclipſe : In the Circle next it is an Eclipſe of 11 Digits, Mich 
that, of 10, next chat, of 9 Digits, and ſo on. l er t 


ect. 3. Seu by the Globes; 65 
K a, B- XXII. To find all that Space upon he 
Earth, where an Eclipſe of one of the Satellites of 
Jupiter will be viſible. _ | 


btrat 
and d 
1inodi 


Having found that Place upon the Earth, in which the Suri 
Vertical, at the Time of the Eclipſe. Elevate the Globe ac- 
ding to the Latitude of the ſaid Place; then bring the 
ce to the Meridian, and ſer the Hour-Index to 12 at Noon. 
ter be in Corfſequence of the sun, draw a Line with 
ye briafW&ck-Lead, or the like, along the gaſtern Side of the Horizon, 
ich Line will paſs over all © choſe Places where the Sun is 
ing at that Time : Then count the Difference berwixt the 
hort Mt Aſcenſion of the sun, and that of Fipiterz; and turn 
Globe Weſtward, until the Hour- Index points to this Dif- 
?nce; then keep the Globe from turning round its Axis, 
| elevate the Meridian, according to the Declination o 
iter. The Globe being in this Poſition; draw a Line along 
Eaſtern Side of the Horizon, then the Space between this 
e, and the Line before drawn, will comprehend all thoſe 
es of the Earth, where Fupiter will be viſiBle;: from the 
ing of the Sun, to the ſetting of Fupiter. - 

ut if Fupiter be in Antecedenee of the Sun, (i. e. riſes be! 
> him) having brought the Place where the Sun is Vertical, 
the Zenith, and put the Hour-Index to 12 at Noon, draw 
ine on the Weſtern Side of the Horizon; then elevate the 
be according to the Declination of Jupiter, arid turn it a- 
t Eaſtwards, until the Index points to ſo many Hours di- 
t from Noon, as is the Difference of Right Aſcenſion of 
Sun and Fupiter. The Globe being in this Poſition, draw 
ine along the Weſtern Side. of the Horizon; then the Space 
tained between this Line, and the other laſt drawn,” will 


nce o orehend all thoſe Places upon the Earth, where the Eclipſe 
bra 1 ſible, between the Riſing of the Sun and Futiter. 

inch 03-941 2 eis 995 : „id pat 
e s. XXIII. To find the Right Aſcenfion and 
yd Declination 'of the Sun or any Fixed Star. 
. ring the Sun's Place in the Eclipric'to the Meridian, then 


t Degree of the Equator, which is cut by the Meridian, will 

the Sun's Nigbt Aſcenſon; and that Degree of the Meridian, 

ch is exactly over the Sun's Place, is the Sun's Declinarion. 

er the ſame Manner, „ Place of any Fixed Star 5 
8 t 


4 


tic. whether it be North pr Huth; then turn the Quadrant on 


66. Aſtronomical Problems, . > 
the Meridian, and we'll find its Right Aſcenſion in the Eq, 
noctial, and Declination on the Meridian. +; or 
Thus, the Right Aſcenſion and Declination is found, after the ſin 
Manner as the Longitude and Latitude of a Place upon 
Terreſtrial Globe. | NU WATTS 

Note, The Right Aſcenſion and Declination of the Sun vary ey 
Day; but the Right Aſcenſon, .&'c. of the Fixed Stars is the ſa 
throughout the Lear. 9 1 


7 | 4 —_— 314 — ' 
Abus on 69 MG I e 


me Sun's Right Artes be 


Fuly 10 1204 — 01 
November 1 — 242 — al 
by Right Aſcenſion. 
|; | Gong (3.3 M4 Dep. | 
Ald:baran — — 65 
of- Sic a Virgins — — I 
Capella | — — 74 


-C 9mm, or the Deg-S ar —— 884 94 


Note, The Dectination of the sun may be found after the f 
Manner, by the Terreſtrial Globe; and alſo his Right Aſc 
when the Equinoctial is numbred into 360 Degrees, Conmt 
eing at the Equinoctial Point . . 9117 Mg 

By the Converſe of this Problem, having the Riphe Aſc 
and Declination of any Point given, that Point it felt may 
eaſily found upon the Globe. en 


PR OB. XXIV. , To find the Longitude aud! 
158 titude a given Kar. 


Having brought the solſtitial Colure to the Meridian, | 
the Quadrant of Altitude over. the proper Poje of the Ecl 


the given Star; and the Arch contained betwixt the Star al 
the Ecliptic, will be the Latitude, and the Degree cut on 
Eclipric will be the Star's Longitude. e : 


* Theinſenſible Change in the Longitude, Right Aſcenſion, and Declina 
of the Fixed Stars, made by their flow Motion, parallel to the Ecliptis (bt 
but 1 Degree in 72 Years) is not worth Notice in this Place. 


Thu 


———ęñ2— 
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Thus, the Latitude of Arfurus will be found to be 31 De- 
ees North, and the Longitude 200 Degres from T, or 20 De- 
ees from : The Latitude of Fomghaut in the Southern Fiſh, 
Degrees South, and Longitude 2991 Degrees, or Vp 294 Di- 
ees. By the Converſe of this Method, having the Latitude 
d Longitude Ma Scar given, it will be eaſy to find the 
ar upon the Globe. «K' CS Ys | 

The Diſtance, betwixt two Stars, or the Number of Degrees 
hncained between them, may be found, by laying the Qua- 
ant of Altitude over each of them, and counting the Num- 
r of Degrees intercepted z after the ſame matiner, as we found 
e Diſtance betwixt two Places on the Terreſtrial Globe. | 


he Eq 


1 
— 


ü 0 B. XXV. The Latitude of the Place being 
given, to find the Amplitude, Oblique Aſcenſion 


and Deſcenſion, Aſcenſional Difference; Semi-Di- 
urua! Arch, and the Time of Continuance above the 
Hrizon, of any given Point in the Heavens. © 


Having rectified the Globe for the Latitude, and brought the 
en Point to the Meridian, ſet the Index to the Hour of 123 
n turn the Globe until the given Point be brought to the 
ſtern Side of the Horizon, and that Degree of the Equinocti- 
which is cut by the Horizon at that Time, will be the Ob- 
ue Aſcenſion ; and where the given Point cuts the Horizon, is 
Amplitude Ortive: If the Globe be turned about until the 
en point be brought to the Weſtern side of the Horizon, 
will there ſhew the Amplitude Occaſive 3 and where the Hor i- 
n cuts the Equinoctial at that Time, is the Oblique Deſcenfion. 
he Time betwgen the Index at either of theſe two Poſiti- 
5, and the Honr of 6, or the Difference between the Ob- 
ue Aſcenſion and Right Aſcenſion, is the Aſcenfional Difference. 
Lf che Place be in Norch Latitude, and the Beclination of 


given Point be ho Sthe Aſcenfional Difference reduced 


o Time, and Si — gd from & . Clock, gives the mi- 


mu Arch; the Complement whereof to a Semicircle, is the 
-Nofurnal Arch. If the Place be in Huth Latitude, then the 
ntrary is to be obſerved with reſpect to the Declination. 
The Semi- Diurnal © Arch being doubled, gives the Time 
Continuance 3 wore the Horizon. Or the Time of Con- 
lance aboye the Horizon, may be found by counting the 


&% ® 


* * 
Je Das 


iptic (be 


Th 


68 


Amplitude 


% 


pointed the Time of his Riſing and Setti 
lace was in the Eaſtern and Weſtern Par | 
Or the Time of Sun-rifing may be found by adding pr il 
tracting his Aſcenſional Difference, to or from the Hour of y 
according as the Latitude and Declination are either con 


or the ſame Way. EY | 
Amplitude, is 24 Degrees Northerj; 
| Nobliaue Aſcenſion, 209. © © 
Thus. at London on the Joblique Deſcenfon, 5 8. 5 
zoth of April, the Sun's Y Aſcenſional Difference, 19. 
Semi-Diurnal Arch, 109. 
Continuance above the Horizon! 
Hours. WY 
Sun riſes at three Quarters paſt Four. 
Sun ſers at a Quarter paſt Seven. N | 
Theſe Things for the Sun vary every Day; but for a fl 
Star, the Day of the Month need not be given, for they 1 
the ſame all the Year round. | 
Thus the ſeveral Requifites for the Stars Aldebaran, Caffqr, 
gel and Srius, will be found as follows, | | 


' © For © © Taldebaran| Caſfor | Regt | Shrim 
ight Aſcenſion — 65 03 [log 16 [75 21 98 16 
clination — — Ii; 55 NI 32 27 Nos 335] 16 21s 
eridional Alritude 54 23 [7055 [29 55 | 22 0% 


eridional Zenith-diſtanc?35 37 | 19 of ®{6o of | 67 53 
blique Aſcenſion 44 00 | 56 06 64 27 | 76 36 
26 09 N| 59 36Nj13 5o$S| 26 545 
blique Deſcenſion 86 06. 297 26 86 15 119 y6y 


Aſcenſional Difference —z1 Oo | 53 10 0 54 | 21 40 
n * 


PR OB. XXVI. The Latitude and the Day 7 


Month being given; to find the Hour, when « 
known Star will be on the Meridian, aud alſo 
Time of its Riſing aud Setting. | 


Having rectifed the Globe for the Latitude and the 8 
Place; bring the given Star to the Meridian, and alſ to! 


_ Aſtronomical Problems. 8 BA 


Number of Hours contained in the upper Part of the Hon 
Circle, betwixt the Places where the Index pointed, when f 
given Point was in the Eaſtern and Weſtern Parts of theth 
Tizon. If the given Point was the Sun's Place, the Indy 


when the (al 
of the Horizg 


a. z. 8% by the Globes. © 69 


Index will ſhew ac- 


Horn, or t Side of the Horizon, and t 


hen HMraingly, vhen the Star Culminares, or the Time of its Rifing 
the $erging- - | | ot | 
Ini Thus at London on the 1oth of Fanury, rius will be upon the 
he fi eridian at a Quarter paſt Ten in the Evening; riſes at 5+ 
orm ours, and ſets at three Quarters paſt two in the Morning. 
or (us y the Converſe of this Problem, knowing the Time, When 
* of y Star is upon the Meridian, we may ealily find the un' 
on ice, Thus, bring the given Star to the Meridian, and ſet the 


dex to the given Hour; then turn the Globe until the Index 
pints to Iz at Noon, and the Meridian will cut the Sun] Place 

the Ecliptic. Thus when Syrivs comes to the Meridian at 10+ 
ours after Noon, the Sun! Place will be u 14 Degrees. 


x 0 B. XXVII. To find at what Time of the Year 
a given Star will be upon the Meridian, at a given 
Hour of the Night, \ | 


Bring the Star to the Meridian, and ſet the Index to 12: at 
don, then turn the Globe till the Index points to the given 
pur, and the idian will cur the Ecliptic in the Sun's 
ace; whence the Day of the Month ma eafily found in 
2 Kilenday upon the Horizon. N | 


K 0 ;. XXVIII. The Latitude the Place 


* 
” 


7 
e given, to find the Hour of the Day, when the 
% Pines. * + 


57 53 | a 

76 36 i be in the Summer, elevate the Pole according to the La- 

6 ude, and Tet the Meridian due North and $vuth; then the Sha- 
w of the Axis will cut the Hour on the Dial-Plate : For the 


obe being rectified in this Manner, the Hour-Circle is a true 
unodig-Diat ; the Axis of the Globe being the Gnomon. This 
ds true in Theory, but it might not be very accurate in Prac- 
, hecauſe of the Difficulty in placing the Horizon of the 


hen obe truly Horizontal. and its Meridian due North and South. 
40% f it be in the Winter ns elevate the South Pale according 
4 the Latitude North and let the North Part of the Horizon 
in the South Part of the Meridian: Then the Shade of the 
is will ſhew the Hour of the Day as before. But this can- 
the zu be ſo conveniently performed, tho' rhe Reaſon is the 
ſo to e as in the former Caſe . 


* 


Px O Bu 


— — — _— 
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Pro B. XXIX The Latitude, the Sug's Diu 
aud a Altitude, being given; to find the Hu 
the Day, and the Sun's Azimuth from "the N. 
Man ga ht 


Having rectified the Globe for the Latitude, the Zenith, u 
the Sun's Place; turn the Globe, and the Quadrant of A 
rude, ſo that the Sun's Place may cut the given Degree of 
titude ; then the Index will ſhew the Hour, and the Quadry 
will cut the Azimuth in the Horizon. Thus, If at Londen, « 
the 1cth of Auguſt, the Sun's Altitude be 36 Degrees in 
Forenoon, the Hour of the Day will be IX, and the Sun's 
math' abouy 18 agroms "from the tayt; Face \ of (ng 

= 7 | MI. Pr B91 


PRO R. XXX. The Latitude, tbe Sun's Pla 
and his Azimuth being given; to find his Altitak 
and the Hour. Fr og toe * 1 


Rectify the Globe for the Latitude, the Zenith, and: $ 
Place; then put the Quadrant of Altitude. to the Sun's Azim 
in the Horizon, and turn the Globe till the Sun's Place nl 
the Edge of the Quadrant; then the ſaid Edge will ſhew | 
Altitude, and the Index point to the Hour. Thus; Mt 
zoth,at London, when the Sun is due Eaſt, his Altitude will 
about 24 Degrees, and the Hour about VII in the Mornit 
And when his Azimuth, is 60 Degrees South- Weſterly, the AR 
tude will he about 4445 Degrees, and the Hour about 24 in. 
Afternoon. 5 | 

Thus, the Latitude and the Day being known, and hav: 
beſides either the Altitude, the Azimuth, or the Hour; the WW: 


ther two may be eaſily found. 2. 0 


PR Oo B. XXXI. The Latitude, the Sun's A 
tude, and his Azimuth, being given; to find Mrd 
Place in the Ecliptic and % Hour. 

ET” 


Rectify the Globe for the Latitude and Zenith, and ſet WM © 
Edge of tne Quadrant. to the given Azimuth; then turm 
the Globe about, that Point of the Ecliptic which curs Wi" 
Altitude, will be the Sun's Place. Keep the Quadrant of 4 
FS” 


hd 


ect. 3. Sud by the Globes. 71 
tude in the ſame Poſition, and having brought the Sun's Place 
\ the Meridian, and the Hour-Index to 12 at Noon; turn 


e Globe about till the Sun's-Place cuts the Quadrant of Al- 
ade, ànd then the, Index will point to the Hour of the Day. 


os. XXXII. Given the Time that a Star 
* ones to the Meridian; to find the Sun's Place. 


zring the star to the Meridian, ſet the Index to the given 
me, turn the Globe abaur till the Index point to 12 at 
don; then, will the Meridian cut the Ecliptic in the Sun's 
ace. | 


the Azimuth of any known Star being given; to 
d the Hour of the Night. * 1 


dving rectied the Globe for the Latitude and the Sun's 
ce; it the given Star be due North or Sub, bring it to the 
idian, and the Index will ſhew the Hour of the Night. If 
Star be in any other Direction, fix. the Quadrant of Alti- 
e in the Zenith, and ſet it to the Star's Azimuth in the 
izon; then turn the Globe about until the Quadrant cuts 
prong of the Star, and the Index will ſhew the Hour of 
Night. | | 

e Bearing of any Point in the Heavens may be found by 
following Methods.. _ | | 

aving a Meridian-Line drawn in two Windows, that are 
jolite to one another, we may croſs it at Right Angles with 
ther Line, repreſenting the Eaſt and Feſt; from the Point 
Interſection Joſceibe a. Circle, and divide each Quadrant 
d 90 Degrees; then get a ſmooth Board, of about 2 Feet 
and 4+ Foot broad; (more or leſs as may be judged con- 
jent) and on the back Part of it fix another ſmall Board 
wiſe, ſo that it may ſerve as a Foot to ſupport the biggeſt 
rd upright, when ir''is-ſet upon a Level, or an Horizontal 
e. The Board being thus prepared, ſet the lower Edge of 
ſmooth, or Fore-Side of it, cloſe to the Certer of the Cir- 
| then turn it about to the Meridian; or to any Azimuth 
4 turm t required, (keeping the Edge of it always cloſe to the 
| ter) and caſting- our Eye along the flat Side of it, we'll 


ing that the Board is ſet to. 


x 08. XXXIII. The Day of the Month, and 


7 perceive what Stars are upon the Meridian, or any other 


PROB. 


"7% 
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1 


1 PR O B. XXXIV. If two Stars were given, ont 
n ' the Meridian, and the other in the Eaſt or We 
1 Part of the Horizon; to find the Latitude. * 


* 
Bring that Star, which was obſerved on the Meridian, tot 
Meridian of the Globe, and keep the Globe from turning roi 
1 its Axis; then ſlide the Meridian up or down in the Notch 
I till the other Star is brought to the Eaſt or Vit Part of . 
114. Horizon, and that Elevation of the Pole will be the Lau 
Oh! |! ſought. | Wi 262 * « iti 


10 PRO B. XXXV. Given two Altitudes of the & 
1 and Space of Time between the Obſervations, 
q | Vd the Latitude of ſuch a Place, | e 


— At. * 
—— — 


N 


} 8 » , ” 
| Take the Complement of Altitude of the firſt Obſeryati 
1 in the Compaſſes, and ſet one Foot in the Sun's Place, 
F' ſweep a Circle on the Globes Surface with the other; tl 
| | bring the Sun's Place to the Meridian, and turn the 6. 
Eaft, till ſo many Degrees as anfwer to the Space of Time 
I's im thro* it; then under the Declination mark the Place the 
18; dian cuts, and ſet one Foot of the Compaſſes in it: with! 
'F other extended to the Complement of Altitude of the ſeq 
1 Obſervation, croſs the former Circle in the Vertical Point, 
it | Zenith of the Place, which bring to the Meridian, thereon 
118: the Latitude ſought. ' IA | 


* 


. PR O B. XXXVI. Given the "Sun's Declinai 
1 aud Amplitude, to find the Latitude. 


16 | Elevate the Pole ſo many Degrees as the Cotnplement of 
j 101 Amplitude is, and ſcrew the Quadrant in the Zenith, 
Bibi} bring the fir Point of to the Meridian; then count 
the Quadrant of Altitude to the Degree of the Sun's Detl 
tion, and bring that Degree to the EquinoRial, and thei 
gree of the Equinoctial cut by that ree of the Quad 
of Altitude, is the Degree of Latitude ſonght, © 


p. 


ect. 3. 8 by the" Globes. ny 


and Sun's  Declnation: «.' © 


Elevate the Pole ſo many Degrees as the Sun's Difference of 
cenſion is, and ſcrew the Quadrant of Altitude to the Ze- 
th, and bring the firſt Point of Y to the Meridian, then 
mber on the Quadrant of Altitude the Complement of the 
n's Amplitude, and move the Quadrant of Altitude, till 
at Number of Degrees cuts the Equator, ſo ſhall the Qua- 
nt cut in the Horizon the Degree of Latitude, and in the 
uator the Sun's Declination. | hed 


K O B. XXXVIII. The Sun's Declination and 
Hour at Eaſt given; to find the Latitude. 


levate the Pole ſo many Degrees as the Sun's Declination 


ſervatit and ſcrew the Quadrant of Altitude in the Zenith, then 
lace, nge the Time after 6 of its being due Eaſt into Degrees and 
1er ; nutes, which Number in the Horizon: from the Ezſt South- 
he rds, and bring the Quadrant of Altitude to that Degree, ſo 
Time 11 the Degree of the Quadrant cut by the Equator be the 
the M mplement of the Latitude ſought. | 


he ſec: 0 . XXXIX. Given the Day of the Month, 
Riſing or Setting; to find the Latitude. 


Reftify the Globe, and turn the Globe till its Hour-Vndex 
nt at the given Hour, and there faſten the Globe; then turn 


r come to the Eaſt-S de of the Horizon, if Riſing, or the 
#, if Setting; ſo ſhall the Elevation of the Pole then be the 
itude ſought. not] 


x0B. XL. By the Sun's Declination and Avi= 
muth at Six; to find the Latitude and Altitude. 


levate the Pole ſo many Degrees as is the Sun's given Azi- 
Ith, and ſcrew the Quadrant in the zenith: Bring — 
| L m 


« 0 1. XXXVII. Glu. the Soils  Hmplitnide 
and Diffetence, of Aſcenſion.z to nd the Latitude 


and Hour of the N 12 and a known Star, either 


Meridian thro' the Notches of the Horizön, till the known n 


AI —— —ꝓ—k—k— 
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clination, and bring that Degree to the Equator, ſo ( 


and bring that Degree to the Equinoctial, and note the 


firſt Point of Y to the Meridian, then number on the () 
drant of Altitude upwards the Complement of rhe Sun's 


the Degree of the Horizon cut by the Cuadrant of Altin 
be the Complement of the Latitude, and the Degree of t 
Equator cut by the Quadrant, ſhall be the Altitude of | 


Sun at 6 of the Clock. ; 


PR O B. XLI. The Sun's Declination and Altiti 
2 at Eaſt given; to find the Latitude. 


Elevate the Pole to the Complement of the Sun's given 
titude, and ſcrew the Quadrant to the Zenith; then bring 
Equinoctial Point Y to the Meridian, and number on 
Quadrant of Altitude the Degree of the Sun's Declinati 


gree it cuts; for its Complement to 90 is the Latitude ſoy 
Or, 


With a Pair of Compaſſes, take, from the Equator the! 
gree of Altitude given, then place one Foot in the Beginn 
of Y on the inner Edge of the Horizons and extend theo 
diretly upwards towards the Zenith, then move 
Brazen Meridian thro' the Notches of the Horizon, till 
other Point of the Compaſſes reach the Parallel of thy v 
Declination ; ſo ſhall the Number of Degrees that the Vol 
elevated above the Horizon be the Latitude ſought 3 whid 
either North or South, according as the Sun's Declination is. 


PR Oo B. XLII. If the Altitude of two Stars 
the ſame Azimuth, were given; to find the I 
' tude of the Place. 


Set the Quadrant over both Stars at the obſerved Degret 
Altitude. and keep it faſt upon the Globe with your Fingtl 
then ſlide the Meridian up or down in the Notches, till 
Quadrant cuts the given Azimuth in the Horizon; that E 
tion of the Pole will be the Latitude required. 


PRO 
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%o ». XLIIT. Having the Latitude of the Place, 
Altin /9 find the Degree 4. the Eoliptic, which” riſes or 
ee of Vt with a given Star; and from thence to deter- 
e of nine the Time of its Coſmical and Achronical 
4 Rijing = ' Setting. 1 * \ 9 18 $ | x) IT — 
Altin aving rectifed the Globe for the Latitude, bring the given 
r to the Eaſtern Side of the, Horizon. and mark what De- 
e of the Ecliptic riſes wit it: Look for that Degres in 
iven Wooden Horizon, and right againſt it in the Kalendar, 
ring ll find the Month and Day, when the Star riſes Coſmically; If 
er on bring the Star to the Weſtern Side. of the Horizon, that 
dlinati tee of the Ecliptic which riſes at that Time, will give the 
the! of the Month, when ghe ſaid Star ſets Coſmically. So likewiſe a- 
de ſounſt the Degree which lets with the Star, we'll find the Day 
| the Month of the Achronical Setting; and. if we bring it to 
Eaſtern Part of the Horizon, that Degree which ſers at that 
e will be the Sun's Place when the Star riſes Achronically. 
hus, in the Latitude of London, Syrizs, or the Deę- Kar, riſes 
r the ically the zoth of Fuly; and ſets Coſmically the 30th of Offober. 
zeginug bn, or the Bulli Eye, riſes Achronically on the 11th of May, 
the oi ſets Achronically on the 8th of December. . a 
nove hug | 
7 * | * XLIV. Having the Latitude of the Place, 
he Poli” Nd the Time when a Star riſes and ſets He- 


iacally. | 3 

laving rectified the Globe for the Latitude, bring the Star to 
Eaſtern Side of the Horizon, and turn the Quadrant round 
he Weſtern Side, till it cuts the Ecliptic in twelve Degrees 
Altitude above the Horizon, if the Star be of the firſt Mag- 
ude; then that Point of the Ecliptic which is cut by 18 
adrant, is 12 Degrees Kitzh, above the Weſtern, Part of the 
rizon, when the Stat tlfes; but at the ſame Time the op- 


Degree Point in the Etliptic is 12 Degrees below the Eaftern 
Finger of che Horizon, which is the Depreſſion of a Star of the 
;. till ¶ Mynitude, when it riſes Heliacally; or has got ſo far from the 
hat El 5 Beams. that it may be ſeen in the Morning before Sun- 


ne, dps for the ſaid Point of the Ecliptic pn 
Horizon, and ri#ht againſt it will be the Day of the Month 
en the Star riſes Heliacally. To find the Hyliacal Setting Bring 
Sar to the Weſt-Side of the Horizon, and turn the Qua» 
at about to the Eaſtern Side, till the 12th Degree of = — 

L 2 | dov 
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bove the Horizon cuts the Ecliptic; then that Degree of 
|} Ecligtic, which is oppoſite to this Point, is the Sun's Ply 


7th of g 


| when the Star fers Helix. | | 
7 Thus, we'll tind that Arffurys riſes Heliacally the 1 
Ol tember; and ſets Heligcally, Nouember the 21ſt. 2 


PR O R. XLV. To find the Place of any Planet 

on the Globe; and ſo by that Means, to find 
Palace in ibe Heavens: Alſo to fiud at what 
any Planet will riſe.or fat, or be on the Meridi 
any Day in the Year. 1. | 


* 


We muſt firſt ſeek in an Ephemerides, (Parker's Epbemeris will 
well enough) for the Place of the Planet propoſed, on. ti 
Day; then mark that Point of the Ecliptic. either with Chi 
or by ſticking on a little black Patch and then for that Nig 
we may perform any Problem, as before, by a Fixed Star. 

Let it be xequired to find the Situation of Fupiter amongt 
Bixed Stars in the Heavens, and alſo what Time it riſes « 
ſets, and comes to the Meridian, on the 20th of November, In 
at London. 1 n . | 

Looking for the 2oth of November, 1730, in Parker's Epbem 
I find that Fupiter's Place at that Time is in about 9 Degres| 
ny; Latitude 1 Degree North. Then looking for that Point! 
on the Celeſtial Globe, I, find that Þ is then among the in 
Stars that lie under the Relly of the Conſtellation Leo. 4 

To find when he riſes.and ſets, and comes ro the Meral 
Having put a little black Patch on the Place of Jupiter, ele 
the Globe according to the Latitude; and having brouy 
the Sun's Place to the Meridian, ſet the Hour-Index to u 
Noon: Then turning the Mark which was made for Fupite, 
the Eaſtern Part of the Horizon. I find V will riſe. at ahout 
Quarter paſt 11 o'Clock at Night; and turning the Globe 
bout, I find it comes to the Meridian a little after Sig in 


* 


Morning; and ſets about 1 Clock ig the Afternoon. 

This Example being underſtaod, it will be eaſy. to find wi 
either of the other two ſuperior Planets, viz. Mars and Wt 
Riſe, Set, and came to the Meridian. | | 
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No MO NIC AL or DIALLING 


PROBLEMS. 


Solv'd by the 


LOBES 


— 


SECT, IV. 
Als take their Names from the Circles of the Sphere 
to which their Planes are parallel; or with whoſe Planes 
they coincide. 


The Hour- Lines are the common Sections of the Hour-Circles 
the Sphere with thoſe Planes. 5 

L. The Stile or Gnomon is a Line parallel to the common 
lon of the Planes of all the Hour- Circles of the Sphere, i. e. 
allel to the Axis of the World. Hence, , | 
The Elevation of the stile above the Dial-Plane muſt be al- 
ys equal to the Elevation of the Axis of the World above 
Plane of the Circle to which the Dial-Plane is parallel ; 


the Stile muſt always. be directed towards the elevated 


e. 0 . 

II. A Hori conta! Dial is whoſe Plane is parallel to the Ho- 
Dn, | 

V. A Yertical Dial is whoſe Plane coincides with that of 
le Vertical Circle. V. A 


— 


\ 
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0 
v. A Direct Erect Vertical Dial is whoſe Plane is perpendic. 
lar to the Horizon, and whoſe Face looks directly Sub u 
North. | ; — preteen 
VI. An Erect Declining Vertical Dial is whoſe Plane is perpey 
dicular to the Horizon, but its Face decliges from Huth g 
North Eaſtward or Weſtward, Lp. LAS 3 JIA 
VII. A Dire Reclining Vertical Dial is whoſe Plane looks d 
realy South or North, but falls back from the Zenith... © 
VIII. A Direct Reclining Vertical, Dial whoſe Wine 
wards the ſame Parts with the Latitude of the, je aal 
qual to the Co Latitude, is called a Polar Dial, its Plane pala 
through the Poles of the World. | 
IX. A Direct Inclining Vertical Dial is whoſe Plane looks 6 
rely South or North; but makes an acute Angle with the I 
rizon. ö | 
X. If the Latitude of the Place and the Inclination of tel 
Plane be towards contrary Parts, and the Inclination £qualt | 
the Co-Latitude, that Dial is called an Eguinoctial Dial. 
N B. Every Dial-Plane having two Faces, it is plain, the U 
per Face of the Equinoctial Dial ſhall have its Reclination 
qual to the Latitude, and the under Face of the Polar Di 
an Inclination equal to the Latitude. — c 
XI. From what has been ſaid, it may be eaſily known v 
1 3 by Reclining Declining, and Inclining Declining Verti 
Dials. | | 
XII. An Ere# Vertical Dial whoſe Face looks directly EA. 
Mect. is called a Merilian-Dial. | | 
XIII. The Subſtilar js, the Line in the Dial-Plane, upon whit 
the stile is ſer : It is the common Section of the Dial-Plit 
and the Plane of a great Circle pafling thro' the Poles of 
World and thole of the Plane. * 0 


r 
To find the Tuclination of a Plane, Plate 2. Fig 


Let AB be a Plane inclin'd to the Horizon HR. apply tot 
Plane, AB a Quadrant DCE, ſo as the Plummet CE may ft 
the Surface of the Quadrant, I ſay, the Arch DE is the Meaſi 
of the Angle of Inclination ABH. Draw BG at Right-Angles! 
NR. becauſe CE is Parallel ro BG, the Anale ECę is equal to Cl 
but DCE is equal to GBH both being Righr-Angles. the At 
DCE lets ECF is equal to GBH leſs CBG, that is, DCE is eq 
to ABH, | "© OA 2 

PRo 


4. 


a. . 8% by the Globes, 59 


e p o 5. II. 75 find the Reclination of a Plane. 
| | Plate 2. Fig: 2. 


Let AB be the reclining Plane. Draw BG perpendicular 
o HR, repreſenting the Prime Vertical: ſo ABG is the An- 
le of Reclination. Raiſe KL perpendicular to AB, apply a 
Nuadrant CDF to, KL; ſo as the Plum-Line CE may ftrain 
he Face of the Quadrant, I ſay, DE is the Meaſure of the 
angle of Reclination ABG. 

In the Right-angle Triangle NBK the Angles BNK more 


perpeꝛ 
bug d 
00s d 
n ĩs u 
„and: 


rn are equal to a Ri ht Angle equal to DCF: Bur, becauſe 
ooks (IKE is parallel ro BG, the Angle ECE is equal to BNK, there- 
the H pre DCE is equal to NBK. a 2. E. D. 


1 0f th 
£gualt 
„ the w 
dation! 
olar D 


ROB. III. Jo find the Declination of any 
Plane. . Plate 2. Fig. 3. 


Take a Piece of Board, whoſe upper Surface is a Right-an- 
ed Parallelogram as DB, on it deſeribe a Circle CXz; on 
e Center C erect a Pin perpendicularly. Draw EG parallel 
BE, Mn perpendicular to, BE, LN perpendicular to FG, 
Wd place the Plane DB horizontally, with the Side BE ap- 
ed to the Dial-Plane: Obſerve when the Shadow of the Top 
the Pin 1s on the Periphery of the Circle as at z in the 
renoon, and at x in the Afternoon the ſame Day; biſect 


wh W 
Vertie 


ly EA. 


on hie Arch x 2 with the Diameter KL. tis plain KL is the Me- 
Jial-Pu ian, and KLN equal to KM is the Angle of Decli- 
tion. ; \ 


* 


les of 


Pao B. IV. To make an Horizontal Dial. 
"The Operation by the GLOBE. 


. . 


 » WF evite the Pole to the Latitude of the Place for which we 
ply to! duld make our Dia (ſuppoſe to London, in the Latitude of 
may hl 3% and bring the Vernal Colure to the Meridian, and the 
he Meaſt Index to 12 on the Hour-Circle, ' x | 
- Ange : t \ a Clock, or till 15%. of /119 go 
al ro i turning the | 2 the Equator paſs through 24 20 
the Ace Weſt- 3 the Meridian, and x 38 03 From the 
CE is eq , till the } 4 f Colure will cut the Ho- J 33 36 P Metidian. 
nee © | 5s | rizon ia | 7x 06 + 
12 6 * go oo WE 
PR Theſe 
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Theſe are the Diſtances of the Hour-Lines from Noon till | 
at Night, and the ſame Diſtances ſerve for the Hours betivny 
6 in the Morning, and 12 at Noon, for the one a Clock Hour: 
Line in the Afternoon is equidiſtant from rhe Meridian, 
Noon-Line, with the 11 à Clock Hour-Line before Noo 
and ſo all the other Morning Hour-Lines are diſtant from f 
Noon-Line by the ſame Space that the ſame Number aft 
Noon-Hour-Lines (numbred from the Meridian on the Cont 
ry Side of the Noon-Line) are diſtant from the Meridian. 
If we would have the half Honr-Lines placed on i 
Dial, we muſt turn the Globe till the Index points ro every hal 
Hour on the Hour-Circle. and mark the Degrees of the Hon 
zon, cut by the Vernal Colure, for thoſe are the Degtees 
longing to the half Hours required. an 


The Geometrical Conſtruction of this D 1 AL. 


1. Upon the Plane on which we defign to draw our Dia ( 
in Plate 2. Fig. 4.) draw a right Line AB. repreſentiq 
the Meridian of our Globe, and the Hour-Line of 12. 

2. Towards one End of this Line, aſſign a Point C, repo 
fenring the Center of our Dial, and through that Point dn 
another Line at Right Angles to A B, which ſhall be the Ho 
Line at 6, as the Line KM; and upon the Point C. with t 
Radius of ſome Line of Chords, deſcribe a Semicircle-DE FE, 
„ 3. Then ſeeing 11 and 1 a Clock are diſtant from the Mi 
dian 11 Deg. 50 Min. take 11 Deg, 30 Min. from our Lige« 
Chords, and fer it upon the Semicircle from E to 11. and i 
E to 1, and draw the Lines C11, and C 1, for the Hour-lu 
between 11 and 1. 4 | 

4. The Diſtance of 19 and 2. being 24 Deg. 20 Min. we mt 
take from our Line of Chords 24 Deg. 20 Min. and ſet it fro 
to 10, and from E to 2. and draw the Hour-Lines of 10 and 
do thus with the reſt of the Hour-Lines,. till 6 in the Mori 
and 6 at Night; and for the Hour-Lines of 4 and 5 in 
Morning, and of 7 and 8 at Night: Continue the Hour-lin 
of 4 and in the Afternoon thro' the Center to the other 
ot · the Dial. and they will be the Hour-Lines of 4 and 5 mt 
Morning; and the Hour-Lines of 7 and in the Forenoon 0 
tinued will be the Hour-Lines of 7 and $ in the Afternoon 

5- For the Kile or Cock of our Dial take 51 Deg. 30 M 
the Latitude frpm our Line of Chords, and ſer that Niſtance! 
on the Semicircle from E to G. and draw the Line CG for 
Stile. which muſt ſtand upon the Line of 1. without ig 
ning to the Eaſt or Weſt, and ſo is aur Magin 


o B. V. By one Poſition © the Globe, to find 
: the Hour-Lines in all nd. he of Planes. 1 


Noc let a Meridian from Pole to Pole paſs thro' every 15 Dea 
es of the Equinoctial, to repreſent the Horary Motion of 
ber "af. sun, both Day and Night; then tectify the Globe to the 
e Control itude, bring alſo one of thoſe Meridians under the brazen 
ridian, all the reſt of the Meridian-Lines ſhall cut any Cir- 
WS repreſenting the Plane of a Dial, in the Number of De- 
very Wl... on the ſame Circle that each reſpective Hour-Line is 
ant from the Noon-Line Point in the ſame Circle. 


AT, an manner of Plane, that in their: Latitude is 
not Horizontal, ſball become Horizontal. 
| | 's * 

deeing all Manner of Planes, however fituate, are parallel 
ſome Country on the Earth, therefore what is not Horis 
at 4 tal in one Place, may become ſo in another Latitude, and 
int auh Horizontal Dial made for it will anſwer. 

the Horus, an Erect direct Suth or North Dial becomes an Horizon- 


with 8 12! in the fame Longitude, but whoſe Latitude ſhall be 
EF, Complement; wherefore an Erect Direct Dial is the ſame 
the MS the Horizontal in the Latitude 453 and an EreR Plane under 
. 1 10 Pole will be an Horizontal under the Equator, and an Ere& 


the Latitude 3o, will be an Horizontal in the Latitude 60, and 
otra. | ; 

ur if the Plane be an Erect Decliner, it ſhall be an Hori- 
10 "Ic! Plane, at that Point of the Globe, which is againſt the 
iK 1 gree of Declination found on the Horizon ; the Latitude 
10 r Longitude of which Point find - by the Globe, and if the 


[our-Lit 


1 Ine declines Weſtward, the Sun comes ſooner to the Meri- 
F 115 n of it, than to the Meridian of the Place where it be- 
2 ne an Horizontal Plane, and that by ſo many Hours or 
erggautes as the Difference of Longitude amounts to; but if 


vad, then it comes ſo much later. 


noon "If the Plane be a direct Recliner, the Complement of the 5 


* ine 's Reclination is the Latitude, where it becomes an Hori- 
N. ntal one in the ſame Longitude. | | 
ek it be a Declining Recliner, Rectify the Globe according to 


'G for! Latitude given, bring the Place to the Meridian, and the 
255 adrant to the Zenith, which turn to the Declination on 
R 0 Horizon, and on the Quadrant count upwards the Re- 
M clination 
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clination, by which Degree make a Prick on the Globe 
which find both the Latitude and Longirude for the true) 
» ot where ſuch a Plane becomes an Horizontal one. the Di 
1% [8 rence of Longitude change into Time, for the Difference t 
14 the sun makes betwixt the two Meridians. | 


1400 PR o B. VII. To make a Dial on the Globe, {| 

10 | all ſbotu the Hour of the Day, without a G 
| 5 2 

| mon. | 


14 Divide the Equinoctial or Middle Circle into 24 equal! 
Ae with two twelves, as we count the Hours, then elevate it 

177 cording to the Latitude, and place one 12 due North, and 
| other 12 due South, when the Sun ſhines on it the Globe 
Ji be divided into two Halves, the one enlightned with % 
11 ſhine, the other Shadow'd, and where they part on the H 
will nox, 1s the Hour of the Day in two Places on the Ball. 


Px o B. VIII. To make an Ere& South Dial 
Latitude 51 Degrees 30 Minutes. 


| i" | The Operation by the Globe. 
| 


We may reduce all Verticals to Horizontals, if we elen 
the Pole to the Complement of the Latitude, which in t 
Caſe is 38 Degrees 30 Minutes, and bring the Yernal Colin 
þ rl the Meridian, and the Index to 12, then turn the Globe Ve 
| wards, and as each 15th Degree is at the Meridian (or ast 
Index points out the ſeveral Hours on the Hour-Circle) 
Colure ſhews in the Horizon the Diſtance of the ſeveral H 
Lines, from the Meridian, as in the following Table. 


—— 


M _______Comy. Latitude 389. 30“. | 
Hours. Diſtances from the Meridian. 
_ oo ool 
2 * 5 00 
9 3 52 
2 479 09 
7-37 66 42 
— 1 . 


d. 4. S by the Globes. 


true WW Geometrical Conſtruction, Plate 2. Figure 5. 


rence M. Draw a Meridian-Line, as EM, for the Hour-Line of 32, 


be, de Center of the Pia. 


mathe Line of Chords take the Hour-Diſtancfs (as in the 
egoing Table) from the Meridian, and lay on the Semi- 
le, one Foot of the wage ©. being in the Meridian; 
qual bo which Diſtances, from the Center, draw the Hour: 
vate it es. 

„ and . For the Style, take 38 Deg. 30 Min. (the Complemerit of 
Globe t Latitude) from the Line of Chords; ſet it from Q to R, 
with 9 draw the Line OR for the Cock or Style of our Dial, 
the Kill pq ſtand over 12, and point downwards towards the 

ole. wa 

B. The North Vertical Dial is the ſame with the South, on- 
he Style muſt point upwards, towards the North Pole, and, 
Hours 9, 10, I1, Iz at Night, and 1, 2, 3 in the Morning 
be left out, and 4, 5 in the Morning, and 3, 8 at Night, 
2 drawn through the Center, ſo is our North Dial fi- 
af 


ve ele 2 5. IX. To» make an Erect, Direct Eaſt or 
ch int 3 Ne — 


Colin 
lobe " heſe Sorts of Dials may be better demonſtrated than made 
Are! the Globe, for the Pole being rectified to the Latitude, 


Index to 12; and the Quadrant of Altitude in the Zenith; 
he Quadrant be brought about till the graduated Edge there- 
de exactly Eaſt or Weſt. and turning the Globe abaut, the 
£quinoctial Colure will not cut the Quadrant of Altitude 
ny particular Degree, but a Part of the Colure will coin- 
with all the Degrees of the Quadrant at the ſame Time; 


he Pole, and conſequently muſt be parallel ro one another, 
ch the Globe plainly repreſents, but will not convenient- 
ive the Parallel Diſtance of each from the other, they be- 
nearer or farther off, according as the Style is proporti- 
d to the Plane. .* | WES 


M2 _. 
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ſs itat Right-Angles with the Line NP for the Hour-Line 
6, and 6, and where theſe Lines croſs each other (as at o) 


| With the Chord of 60 Deg. draw a temicircly NP Q, and 


refore the Hour-Lines of theſe Planes will make no Angles 
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The Geometrical Conftrufi on. 


144 Let the Plane, upon which we would make an Egff or j 


1 
1 
1 | | Dias, be ABCD, Plate 2. Fig. 6. 
I 4 
| | | 1. Upon D, if it be an Ezſt-Dia/-Plane; or upon the Point 
. if it be a Ni Dia, with the Radius of the Line of Cho 
NI deſcribe an Arch of a Circle GF, then from the Line 
an Chords take 38 Deg. 30 Min. and draw the Line DGE qi 
Al | through the Plane for the Equinoctial, towards the upper N 


16493 of this Line, as at P; aſſume any Point, and through it dn 
14 | the Line 6 Ps, . nms gr A the Equinoctial for the Ki 
WEIS Line of Six, alſo rowards the lower Part of the ſame Line, 
(E711 ſume another Point as L, and through it draw the I 
Lola 11C 11, for the Hour of Eleven. | | 
| 2. With so Deg. from the Chords, upon the Point C. 
ſcribe a ſmall Arch of a Circle as HK, and upon it fet 1;[ 
grees, or one Hour's Diſtance from H to K, and draw the I 
| CKM. cutting the Hour-Line of 6 in M. | | 
| Upon M as a Center, with 60 Deg. from the Chords 
ot fcribe an Arch of a Circle NO, which divide into five g 
18 Parts in the Points OOO. Cc. Lay a Ruler upon M, ande 
| 
| 


of theſe Points, and the Ruler will cut the Equinoctii 
| DE in the Points **, through which Points, if we d 
1 right Lines parallel to the Hour-Line of 6, they will be 
| Hour-Lines of 7, $, 9 and 1o, the Hour-Lines of 6 and 1 
| 4 ing drawn before. 
176 For the Hour-Lines of 4 and 5 in the Morning, they 
14 5 the ſame Diſtance from ſix, as do the Hours 8 — 7. 
1 The stile muſt ſtand upon the Hour-Line of 6, and b 
1 Heighth equal to the Lengrh of the Line MP, and may be 
| | by ther a Pin or Wire, or a Plate of Braſs. or Iron. 
WTR | An Erect, Direct Weſt-Dial is the ſame in all reſpects with 
| 1 | Erect, Direct Eaſt- Dial, only as the Eaſt ſhews the Foren 
| 1 Hours, the Weſt ſhews the Afternoon Hours, for that whi 


in the Eat. Dial is Io, the Weſt-Dial muſt be 2; and 9 in the 


11 | Pia! muſt be 3 in Wet. | 
„ 1 

1 3 ˖ 
bl ti Px OB. X. Of Ere& Declining Planes, Wh: 
| wk The Upright or Fre& Manes that we have hitherto t 
if Wi BY of. are ſuch as do directly behold the four Cardinal Pointe. 


the Harizon, all other Upright Planes are ſaid to decline! 


* ct. 4. 8 by the Globes. 85 


ir Declination is counted from the Neth or Sutb, towards 
e Eat or Weſt; thus ro make an Erect Dia! for 51 Deg. 30 
n. North, the Plane declining from the North towards the Eaſt, 
Degrees: Elevate the Pole to the given Latitude, fix the 
adrant of Altitude to the Zenith, and number the Decli- 
tion of rhe Plane upon the Horizon from the Nozth, (or 
h Poirit thereof according as the Plane declines) namely, 


Point and to that Point of the Horizon bring the Quadrant 
f Cho Altitude, and there fix it, then bring the Vernal Colure 

Line the Meridian, and the Index of the Hour-Circle to the up- 
DE q most Figure of 12, in the Hour-Cirele; then turn the 
1pper Mobe Eaſtwards, till the. Index points to all the Hours before 
gh it on; and examine in what Number of Degrees from the 
the H nich che Colure cuts the Quadrant of Altitude, when the 
e Line, Mex points to each Hour, or when each 15 Degrees of the 
the uator paſſes the Meridian, for the Degrees of the Quadrant, 


mbred from the Zenith, cut off by the Colure, are the 
ſtances of the Forenoon Hour-Lines, as are expreſſed in the 
lowing Table. | 


— 


| There is this Difference between Direct 


* urs | Hours 1 N veen 

hords, om | diſt. on } and Declining Dials, that the Hour-Diſtances 
\ five eon. the Plane] for the Afternoon on Declining Dials, are not 
4, anda |__| the ſame with the Hour-Diſtances for the 
octial I | Forenoon, becauſe the Sun remains longer 
f we ( © Ion that Side of the Plane, which it de- 
will be clines to, than it doth on the contrary 


i1 | 9 43 | Side; therefore, there will be a greater 
10 | 19 oo umber of Hour-Lines upon it. and by 
25 57 | Conſequence the Diſtandes of the Hour- 


60 15 | Hour-Diſtances, turn about the Quadrant of 
79 43 | Altitude upon the Zenith-Point, till the 


they 9 
| 8 | 35 xo Lines leſs than on the contrary Side of the 
, and u) | i; 56 Plane; therefore, for finding the Afternoon 
may be 

F 


As with lower End of it comes to the Degree of 
Þ 2:1 . the Horizon, oppoſite to that Degree of 
at whicclination, the Quadrant of Altitude was placed at, when 
in the Diſtance of the Forenoon Hour-Lines was found, viz. ro 


Degrees, counted from the Suth towards the Weſt. and bring 
Vernal Colure again to the Meridian. and the Index to 125 
n turning the Globe Weſtwards, as the Index points to the 
eral Hours, or at each 15 Degrees of the Equator paſſing 
Meridian, the Colure will cut the Quadrant of Altitude 


Alles, 


erto triibe Afternoon Hour - Diſtances, numbred from the Zenith, 
* are expreſſed in the following Table. 
ecline. | 


( Hours 


— — — 
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Hours! Hours | «+ 
from | diſt. on 
Noon. the Plane 


It is to be obſerved, that this Planey 
capable gf receiving no more Hour:Lin 
e de after Noon, than 4, far when the Colug 

goes off the Quadrant ef Altitude, th 


pe: #7 Sun goes off theſe Kind of Planes. 


4. 


— 


— 


And to find the Diſtance of the Subftilar-Line from the! 
a-Clock-Line, and the Elevation of the Stile about the Pl 
which are two Requiſites always to be found in upright ( 
clining Planes, bring the Colure to the Number of Depre 
of the Plane's Declination, counted in the Horizon, from th 
South Point towards the Ea}, and the Quadrant of Altitude 
the Degrees of the Plane's Deelination on the Horizon, fro 
the North towards the Eaſt, ſo ſhall the Quadrant of Altitu 
and the Colure, cut each other at Righr-Angles, and the Nun 
ber of Degrees comprehended between the Colure and Zenit 
in the Quadrant of Altitude, ſhall be the Number of Degree 
between the Subſtilar-Line and the 12 a-Clock-Line, which, i 
this Example, is 19 Deg. 45 Min. and the Number of Degre 
comprehended between the Quadrant of Altitude and ti 
Pole, counted on the Colure, ſhall be the Number of [ 
grees that the Stile is to be elevated above the Plane, whi 
in this Example, is 33 Deg. 40 Min. 


The Geometrical Conſtruction, as in Plate! 
F Fig. 7. 
Draw on our Plane an Horizontal Line, as CD, and wit 
the Chord of 60 Degrees deſcribe a Semicircle DBC, which 
vide into two equal Parts, and draw the Line AB, which v 
be the Hour of 12, then, from a Line of Chords, take the | 
veral HourDiſtances from the Meridian, and lay on the 
micircle from B to C and D, drawing Lines from the Cent 
A, through thoſe Diviſions, ſo ſhall all the Hour-Lines be 1 
preſented on the Plane; then to repreſent the Subſtilar-L 
on that Plane, from the Line of Chords, take 19 Degrt 
45 Minutes, the Diſtance of the Subſtilar-Line from i 
12 a-Clotk-Lire, and on the Semicircle from the 11 
Clock-Line at B ſet ir off to x, on the contrary Side to tl 
Declination of the Plane, which, in this Caſe, muſt be in 
Weſt Side, and from the Center A draw A x, which ſhall rep 
ſent the subſtilar-Line; and from the Sabſtilar-Line, lay 


330 


\* 


ect. 4; Huld by the Globes. 8) 


Deg; 40 Min. the Elevation of the stile above the Plane, 
1 the Circle from x to 47 then draw the Line Ay for the 
ile, or Gnomonz and let fall the Perpendicular a b upon the 
bltile, ſo we have a Triangle, which erected perpendicular 
pon the Subſtile Ax, the stile Ay ſhall be parallel to the 
xis bf the World, and caſt a $hadow upon the Hour of the 


* 


Ns 


Plane i 
ur-Lin 
e Colun 
tude, th 
wes; 1} 


ay» | 1 
Here we may obſerve, that in Declining Dials, the stile doth 
ot ſtand at the ſame Elevation above the Plane, that it doth 
Ere# Direct Diats, neither doth ir ſtand over the 12 a-Clock- 
ne, but on ſome Part of that Quarter towards which the 
clination of the Plane is. f | 
Thus we have finiſh'd our Dial, and in ſo doing, we have, 
this one, made four Dials, viz. 


m the 1 
he 5 
right ( 
f | 


from th 
|titude 7 


don, fro North declining Eat ) Deg. Min. 
Altitu a J North declining Weſt 50 
bt = South declining Eaſt 63 


South declining Weſt 


f Degree | | 
by ne ; dnly placing the Number of the Hours, and the stile reſpee- 
and eh upon each Plane: For in the South-Weſt Plane, the stile 
Jer of de upon the Hour-Line of 2 in the Afternoon; in the 
_ E, declining as much, it will ſtand upon the Hour- 
” e of 10 before Noon. And ſo all the Morning-Hours of 


Weſt-Decliner, will be the Afternoon-Hours of the Eaft>De- 
„ and the Afternoon-Hours of the Weſt-Decliner will be the 
ning-Hours of the Eat. Decliner; and the South-Eaft- Decliner 
| produce the North Weſt-Decliner, and the Suth- Melt Decliner, 
Mort h. Eaſt- Decliner, by only extending the Hour- Lines, Stile 
zubſtile, quite thro* the Center. 


Plate! 


and wil 
Which! 


which v | 

rake the 0B. XI. Of Dire# South Reclining DIALS. 
on the 

the CYcclining Planes are.thoſe that cr the Horizon at Oblique 
pſtila eli reclining from the Zenith, br inelining to the Hori- 


and are either direct North. Suth, Eafl, or Weſt reclining, 
eclining from the North, Vest, &c. and ſo are call'd Peclining 


/ ng Planes. * 


[9 Degitt 
from d 


= uh plane may ſo recline, that the Reclination thereof 
ide to be either 
ſt be in u 
ſhall rev than 
__ 11 to > the Complement of the Latitude. 
33 than - : 


n 4 


. muſt he elevated above the subſtile. or Hour-Line 0 
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Now, to reduce any of theſe Planes to a new Latitude, why 
they may become Horizontal-Planes. 


1. If the Reclination of the Plane be leſs than the Com 
ment of the known Latitude, ſu btract the Plane's Reclinaty 
from the Complement of the Latitude, and the Remain 
ſhall be a new Latitude, where the Reclining Plane ſhall 
an Horizontal Plane; and, in this Caſe, rhe South - Pole, in 
Latitude, is always elevated. | 

2. If the Reclination be equal to the Complement of 
Latitude: In that Caſe the Plane lies in the Axis of the We 
and hath no Pole elevated above it. | 

3. It the Reclination of the Plane be more than the 
plement of the Latitude, ſubtra& the Complement of 
rude from the Plane's Reclination, and the Remainder f 
be the new Latitude; and in this Caſe the Nor Pole, in 
Latitudes, 1s always elevated. 


In the firſt of theſe three Varieties : If a Huth. Plane in 
Latitude of 51 Deg. 30 Min. recline 20 Degrees, which is 
than the Complement. of the given Latitude; therefore 
Reclination being ſubtracted from ir, leaves 18 Deg. 30 
for the new Latitude: Wherefore, if we rectify the Glok 
18 Deg. 3o Min. of Latitude, and find the Diſtances of 
Hour-Lines from the Meridian, for a Horizontal-Dial in 
Latitude, that Dial ſhall ſerve for- a Suth-Reclining 20 Deg. it 
Latitude of 51 Deg. 30 Min. and the Heighth of the Sn 
bove the 12 Hour-Line, or Subſtile, will be equal to the 
Latitude, namely 18 Degrees 30 Minutes. | 

In the ſecond Caſe, when the Suth-Reclination and Con 
ment of the N:»th-Latitude are equal, the Dial is to be mad 
all Reſpects like an Eaſt or Weſt-Diat; only that which in 
Eaſt or Weſt-Dial is the Six o Clock Hour-Line, muſt in 
Dials be the Hour-Line of 12, Cc. | 

In the third Caſe, ſuppoſe a Sutb. Plane to recline fron 
Zenith 60 Deg. in the Latitude of 51 Deg. 30 Min. the 
22 of which ſubtraRed from 60 Deg. leaves 21 De 

in. for the new Latitude, and find the Hour -Diſtance 
the Horizontal- Dial in that Latitude, which Hour - Dil 
will ſerve for a Suth Dia reclining from the Zenith 6 Dy 
in the Latitude of 51 Deg. 30 Min. and the stile of the! 


21 Deg. 30 Min. equal to the new Latitude, and! 
upwards towards the North-Pole, as the Stiles of all! 
Planes do, which recline more than the Complement of tht 
titude; thus the Hour-Diſtance of all South-Reclining- Dial 


14s e found by the Globe, by referring ſuch reclining Planes to 
e Laricude, whete they may become Horizonral-Planes, 


he Con Px O B. XII. Of North-Reclining DIALS. 
e ad f 011 482 ons 9 
Remain, 


15 hay: buth-Recliners, for the Reclination may be either 


There are three Varieties of North-Decliners, as there are of 


eſs than Nenn v3 | 0 LN \ 
the 8 qual to 8 the Latitude of the Place. 


ore than 


1 nud to refer theſe to a new Latitude, where they will bs 
inder Horizontal- Planes, we muſt obſerve, : 
le, in Ny g 


1- If the Reclination of the Plane be leſs than the Latitude; 
Id the Complement of the Latitude to the Plane's Reclinati- 
Plant in n, and the Sum will be the new Latitude. Thus, let a North- 
which is e in the Latitude of 51 Deg. 30 Min. recline from the Ze- 
erefore With 20 Deg. add 20 Degrees, the Plane's Reclination, to 38 
beg. 30 Mes. 30 Min. the Complement of the Latitude, the Sum will 
* G00 2 58 Deg. 30 Min. which is the new Latitude. Wherefore, 
nces ve rectify the Globe to 58 Deg. 30 Min. and find the Hour- 
ſtances of a Horizontal-Dial in that Latitude, thoſe Diſtances 
ill ſerve for a North-Plane rectining 20 Deg. in the Latitude 
f 51 Deg. 3o Min. North, and the Stile muſt be elevated above 
e Subſtile, or Hour-Line of 12, 58 Deg: 30 Min. equal to the 
ew Latitude. 3 | 
In the Secorid of theſe Varieties, where the Plane of the Me- 
dian reclines, fo as ro cut the Meridian. juſt at the Interſec- 
on of the Meridian with the Equator, the Plane it ſelf lying 
the Equĩnoctial- Circle, and the Poles thereof in the Poles 
f the World; it is call'd a Polar-Plane. Wherefore re&ify 
e Globe to 90 Deg. of Latitude, ſo ſhall the Poles be in the 
nth and Nadir, and the Equator in the Horizon. then turn 
e Globe about till 15 Degrees of the Equinoctial-Colure have 
aſſed the Meridian, and it will reſt at 15 Deg. of the Hori- 
on, which is the firſt Hour's Diſtance from 12. and in theſe 
lanes the Degrees of the Equator and Horizon being the ſame, 
e Hour-Lines are equally removed from one another ; where- 
re, if a Circle be deſcribed and divided into 24 equal Parts, 
nes being drawn from the Center to each Diviſion. and a 
ire perpendicularly placed in the Center, the Dial is finiſhed. 
In the third Caſe, when the Plane reclines more than the 
ititude, and cuts the Meridian between the Equator and the 
: UBS. : —» "Ho 


— — 


90 Gnotmonical of Dialling Problem 


| ml Horizon; add the Reclinarion to the Complement of the Lat“ 
| 
| 


0 tude, which Sum (if it don't exceed 90 Deg.) is a new Li 
| tude, but if it exceeds 90 Deg. ſubtra& that Sum from 1», 
I Deg. and the Remainder will be & new Latitude; for which 
4: new Latitude rectify the Globe, and make an Horizontal · Dii 
| | | elevate the Stile above the 12 a-Clock Hour-Line equal to th; 
Wi new Latitude, and the Dial is finiſhed. Pio 

| 


PA O B. XIII. Of Declining Reclining or Indi 
. ning PLANES. 


Such Planes as do not- behold the Fo, ell, North, or Su 
| Points of the Horizon directly, are called Decliners, and if the 
| are not perpendicular to the Horizon, they both detline iu 
| incline, therefore they are called Declining Inclining Planes; ſo 
| 


the making of theſe kind of Dials, let us ſuppoſe a Plane it 
the Latitude of 51 Deg. 30 Min. to decline from the Aim 
Part of the Meridian towards the Weſt 52 Degrees, and alſo 
recline from che Zenith 26 Deg. 34 Min. . | 


1. Elevate the Globe to the given Latitude 51 Deg. 30 Mi 
fix the Quadrant of Altitude in the. Zenith, the Hour-Indext 
I2, and the EquinoGial-Colure to the Meridian. 

2. The Declination of the Plane being 72 Deg. Weſtun 

count updbn the Horizon 20 Deg. the Complement of thel 
clination, from the South Part of the Meridian Weſtward, and 
from the North Part of the Meridian Eaſtward, and to tel 
two Points on the Horizon bring the Ends of a narro 
Plate of thin Braſs, containing a complete Semicircle, dividt 
into Degrees, beginning the Diviſions at the Middle, and nut 
bring them both Ways, and there fix it; then bring the Qu 
TI" drant 6f Altitude to 20 Degrees on the Horizon, corjntel 
14 


—— — 22 ——— — 


—— 
— 


— ͥ̃— 


— 
— — — 


from the Eaſt Sub ward. Now becaule the Plane reclines 


10 | Deg. 34 Min. count thoſe Degrees downwards from the Zenit 
Mk and to that Point bring the thin Plate of Braſs repreſentinſ 
0 


the Plane, and there fix it; ſo is the Globe prepared for th 
| making of this Dial; and for the Hour-diſtances, turn tif 
| is Globe Faſtward, till 15 Degrees of the Equator have paß 


—_—— 
— - 
— —c _ 


the Meridian, and upon the Plane, or Plate of Braſs, we ſhil 
find the Colure cut the Semicircle, counted from the -Middk 
of it at 26 Deg. 3 Min. and by turning ſtill Eaſtward, an 
obſerving where the Colure cuts the Semicirele ar each 150 
gowns of the Equator, paſſing the Meridian, we ſhall find tf 
| orenoon Hour-Diſtances, as in the following Table ; and th 
ll Colure being again brought to the Meridian, and the Glol 
1H) turne 


— — : 
2 — N . 

— 
— E „ 


** * — 
— — 


— 22 —U—„U 


— — 


% 
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Soft. Url Sole by i3be- Globes | 


Ni, 
the Lai: 
new Lai 
from 185 
for which 
ntal-Dial, 
al to the 


rw Ind 


— * 
* _ þ 
* 


„ or wil | 
«of they 8 ata + 
*Cline ind * aun 
lanes ; fo n 1 pee | 
4 10 9 56 48 11 
1d allo 30 46 bo | | 
PE 


g. 30 Mi 
r-Indextt 


W eſtwar 
of the l 


A. 7 PEP r 
8 4 2 \ w 


Now beſides theſe Hour-Diſtarices, we muſt find four Things 
dre, preparatory to the Geometrical Conſtruction of thele 
2 — 


r 1. The Arch f the Plane, or the Diflance between the Meridian and 
2 narre mgm, which may be found thus: OO 
e. dirt Like, with che | Compaſſes, che Diſtance upon the Plane, 
and nul om the Interſection of the Plane with the Horizon, to the 
the Ou neerſeftion of the Plane with the Meridian, which Number 
Conte or Degrees, namely, 36, is the Diſtance require 
lines 1 Xs Arch X. the Meridian between the Plaue and b, thus: 
* 


he Zenith s of the Meridian intercepted between the Plane 


nd Zenith, viz. 38 Deg. is the Arch required. 


preſenting e | 3» # & 
= 3: The Heighth- of: the Pole and Stile” above the lane. 
nm ry To find ek continue the Quadrant of Altitude from 
ave paß he Zenith, below the Horizon, ſo much as is the Reclination 
ave Pe if the Plane, 26 Deg. 34 Mig. and mark that Point, Then, a 
e Mid din Plate of Braſs (if the oo of Altitude be top ſhort) 
divided. and extended from the North-Pole towards the Suh. Pole, 


yard, arid 


ard paſſing through the Pole of the Plaue, which is the Point 


co ore found, mark where the Plate cutteth the Plane, and 
3 and th he Number of Degrees upon the Plate contain d between the 
che Glo ene , pot FAG ods dgnc2d? 090 WW 


— 


turns 


ga Gunionidal or Dialling Problati 


Pole and the Plane, which it this Caſe will be 51 Dey: 
Min. is the Heighth of the Polelabove che Plane or Subſt 
4. The l be: Subſtile from the Meridian n 
And that is, the Number of Degrees of the Plate — 
ting the Plane, which are _contraine tween che -Whid 
_ from the * of the: World to the Pole of the Plan 
and the Interſection of the Plane with the Meridian, whi 
1 this Example will be 8:/Deg,"4 Min. as appears by the fi 
low 


ing N a + 1190019197 | 
; 2 2' 2 4 f | 
1 0 1 W 
| KR Deg. 
North Declining „272 72. 6 
Reclining | — — — TYM ; 
— 2 mide * > —_ 


— P * * 2 


Diſtance between the —.— and Wed —— 36 0 
* — — — — — f 
1 between the rf and uu — — 58 F 


— K oo I a CR—P—_, 


Heighth of the Pole above the — — 1 „ 


rr 72 * — —— — — - : 
, of the sable and Meridian eee 1 
ER TORE 281. vc 5 e e 


| Fe? Geometrical wa ror 7 fg 2 .. Ar 
* Fla 952. 5 27 n 25 

2 Naan: he? püige! on 11 ve e Feng 
Dial, draw Horizontal- Line, as AB, and, TS 


* 


Jar to it, as DG, for the Vertical- Line 0 the Plane, cutur 


the former AB in the oint, which Point way [i 
Center,of. .the Dial. | 7 


W Upon the Genter N. ho Deg: of» e 
deſcribe a Circle, as Arb Lou take z Deg. The 

the Meridian fron the Horizon FE ſet it from A to. 12 dow! 
wards, and from B to I upwar $, 89d w the bia 65 oft 
for the Hope of Nh. ci; 1 9255 Fi 
. 3- Take 82 Deg, 4 Min. (th he Diflence e t ile from the 
wr} and ſet em from, oy aps . f G on 9 9 


r 


FRI” 07d i the Giches; 9g 


jals: 1 the en of . Poke or Stile above the Plane 
ing 31 Deg _ * Degrees from G ito H choth 
ove and belo , and: * Aa HCH» en thro? 'the 
nter for the Axis or of Bath Dials : ini 

g. In t Table 4 Hour - Diſtances aforefaid, and 


the Pla. arſt Hour's Diſtance from 12 which is 26 Deg. 3 Min. 
an, wh: that Diſtance upon dhe Circle — — -upwards'to 4, an 
by the in 12 (on the e) downwards to 11, arid! draw the 


nes G1, and C11; thecHour-Lines of 11 and 1 +Oldck, 
ich will both _ one ſtrait Line. | 
Do thus with all the Hours in the Table, till we come up- 


the u bſtile, peck e eee of the 


ble.) 192th 19 
20 b. Take 28 beg Min. an ſet from Ladin the Right-Hand 
20 HWanyards to 11, and from 12 on the Left-Hand upwards to 


las the Tons C 11 = _— -Plane, for a0. 
never ſhine up . ining· Flane at I; (ot ays 
ſhould have drawn it thro* the Center as we did. befo -befo 4 
ity, Brect the stile perpendicular. to the-Subſtile, — 5 
gle — cos to the Eleyattor» hereof; namely; 31 
. 23 Min. and: the Dials are , finiſhed: Amin making — 
ſe we have made two others alſo; ui. A 'North-Dedtini 

. Erftward;/and Inclining 26 Deg. 34 wink and a 5 Pe- 
; Veſtward 72 Bug an pretended the bro 0 which 
one, and may eaſily re he K. oy Per on that Py 
bands the former Pro — l 


+43 - mY 17 ir 37 


08. XIV. A General Rule to ' know which 
ole, whether the North or the South, is to be 
Jevated over any Plane. 


e stile of every Dial reſpecteth (or rather lieth parallel 
) the Ayis of the World, and always pointeth upwards or 
wards, td one of the Poles, Now, when we have drawn our 
though truly) we may be to ſeek, whether it be the North 
uy Pole that muſt be elevated; wherefore to avoid any 
ke, and ro know which Pole is to be elevated, obſerve 


: 120 General Rule. 
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Upon al Upright-Planes, 0 
whether Direct or De- . 
clining, N che 


Eaſt and the 
Weſt Incliners 
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A TaBLE of Hori: Or, 

Angles which the Hour-Lines make 
with the Meridian, both in Horizontal 


and Erect Suth-Dials in all Latitudes. 
3 
| XI. X. IXI VIII. VIL VI. if 
J- 
—— 5 — 
d. m. d. md. 2 mid. m. O 
42 1; — 
|c|9 oOo O q o Oo 8 350 
10 1660 341 9 1 44 3 44 . 85 | 
10 32] 1 2 3 2717 25] 38 | 
3 4801 443 5; 2s 4 : 371 
41 52 194 os 541. 36 80 
5|1 202 54 38/8 3518 I C. [85 
1 3663 275 58lo gl 19 8 f | 
11 $2]4 -3}6 gol $5124 27] os { f 1 
iz 84 377 f 33Þ7 23] C | 
gz 23s 58 galls 10 17 5 
lo] 2 40] 43 y5ll6s 4432 54 - 
nz .55 6 17135 27 
113 11 6 40137 4 
- WM 43 277 17149 1 
ry 1913 43] 7 44142 
99 ls] 3 5$$ e144 © 
{> I 4 13] 9 3115 4 
1714 9 9 5247 26 
th 1 4 4410 i 4 2 
3 1911 5910 25159. 33 71 
T 15 14111 39151 35 8 
a 21 5 29501 7103 9 FJ 
1 25 44412 58154 21 68 
50 15 5912 5155 30 67 
. 124] 6 13/13 132 1056 37 56 
2566 28/13 43/22 1257 34 55 
be 6 42114 12/23 13158 34 „ 


96. Gnomonicel, or Dialling Problems, 
A TasBLE of Meridional-Angles, Sc. 


[II XI. 25 IX. Far tit VI. 
E MOTEY MALIN 


ir 


VT 
"= 


8 
= 
N 
U 


* 
00 
AS! 


4noy3noaya 5224339 s 


ad 
" 
sees bo o O o 


15 37 
1 1 
11 8 1 
e 35 1 
1 170 c 70 
a — 
Il | +1] 9 1 
i . 42 10 4 
N 4:j'0 47 
15 47/˖0 12 
14 f 15110 45 
Jr. | 
10 k * | 46 10 17 
11 7111 43 
WG ib 18111 142 
Ws {f 19111 41 
I 50011 40] 
e — oy 
ig 7717 « 
14 5 tz 37 
1 | 
| 54102 36 
ſ 5 57.2 35} 
110 delt: 34 
| | | 57112 65 
| 1 tz : 3} 
1170 . . . * 


mh ect. 4. Shot by the Globen 3 IF - 


AT: E of — ͥ — 85 


pf 
XI. X. |. 


I, II. II. 


12 
= 
* 


0 


CC 


VII.] vr. 
14 


1-277] 7riaq "40H 


bo ws Wo 


15 CY 
wr 1A , co 


_ *3noy3no1y3 $2243a 06 


17 —#t 


a 


A 
> 
131 nn 


of the Day, according to our Way of rech 
Zngland, being given, to find thertby the Balbj 
nic, Italic, 424 the Planetary or Jud 


1. To find the Bebytonic Hony (which is the Number pf 
from sun- riſing.) Having found the Time of Sun-rifirig Wt 
given Place, the Difference betwixt "this and the Hour 
is the Babylonic Hour. | , <4 * *>_ 

>. To ind the Trilic Hor, which is the Number off 
from 'Sun-ſetting.) Subrri& the Hout of Sun: ſetti 
the gives Hour, and the Remainder will be the Thie 
gase [4 - 4 33 b 

3. To find the Planesary or Fewiſb Hour, (which is r Punt 
Artificial Day.) Find how many Hours the Day conſiſts i 
ſay, as the Number of Hours tlie Dey corifiſts of, is to 1 
ſo 8 ſince Suni riſing, to the Pfmnetary or uud 
required, | # 

hus, If the Suh riſes at 4 0 Cock, (conſequently ix 
8) and the Hour given be ; in the Evening, the BAH 
will be the 13th; the Italic the 2 lt; and the Phinetary ur 
Hour will be Nine and three Quarters. 4 

The'Converſe being given, the Hour of the Day, ard 
to our Way of reckoning in Vqz/azd 'mdy-beehfily Folk 
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RIGO No ETRIGA I. 
PROBLEMS. 


 Soly'd by the | 


;LOBES 


5” WY . VP 


8 E CT. V. 


the Solution of S:p-u ERICAI-TZTIANGSI ES 
upon the GLOBE. 


PHERICAL-TRIANGLES are beſt repreſented by the 
N re on, and: thoſe appendans to the Globes. : Fhe Globe be- 

ing the Original from whence. all Sherica- Miganomnetry pro- 
eds, and upon which the Sides and Angles of all Shericat- 
are moſt, naturally. repreſented and moſt expeditiouſly 


au 


Dein J. A Geige Heul: is bounded, by the 4 of three 
reat Circles of the Sphere, or Globe, each Ark being leſs than a 
nicircle, or 180 Degrees. 


Def. II. A Spheric- Angle is the ſame with the Inclination. of 
le Planes of thoſe two Circles which conſtitute the Angle; __ | 
| >\ WK 1 


100 Trigonometrical Problems, ft, 


if from the Point of any S$beric- Angle as a Pole, we deſcribe 
Circle at the Diſtance of 90 Degrees from that Point, the 1 
of this Circle intercepred between the Legs of the Angle igt 
Meaſure of it. | 


Def. III. When a Sherical-Angle has one or more Right-4 
gles; that is, contains 9o Degrees, it 1s .call'd a Right-ang, 
Sberical-Triangle : If all its Angles be acute, that is, each of tha 
leſs than go Degrees, it is call'd an Acute- Angled Trianyle ; q 
if all its Angles be Obtuſe, each "exceeding 90 Degrees, or 
ſome of them be Obtuſe and ſome Acute, it is called an, oh 
Angled Sherical- Triangle. ; 


Def. IV. The Complement of a Side or Angle to a Quadr: 
or 90 Degrees, is fo much as that Side or Angle wants of 
Degrees; and their Complement to a Semicircle; is Io mu 
as that Side or Angle wants of 180 Degrees, | 


{ | | | | : 

Def. V. If two great Circles of the Shere paſs through esch 
ther's Poles, thoſe two great Circles interſect each other at Rig 
Angles; but if they interſe& each other, and do not) 
through each other's Poles, thoſe two Circles ſhall interſect ex 
other at Oblique-Angles. 


Def. VI. If a Spherical-Triangle hath three Right-Angles, t 
three Sides of that Triangle ſhall be all Quadrants, as in a} 
rallei-Sphere. the Braſs-Meridian cutting the Horizon in N 
and Suth at Right-Angles. the Equinoctial Colure cutting t 
Horizon in the Eaſt and Vel. Points at Right-Angles; and d 
Meridian and Colure interſecting each other in the Poles ( 
the World at Right-Angles; do conſtitute a Spherical-Triang 
with three Right. Angles; ant*the three Sides of this Triang 
for this Reaſon, ſhall be all of them Quadrants. 


Def. VII. The sides of Spherical-Triangles are of the fit 
Affection or Kind with their oppoſite Angles. 


Def. VIII. All great Circles muſt cut each other in two eq! 
Parts. becauſe their common Interſection is a Diameter off 
Sphere, and conſequently the two Points of Interſection 1! 
at the Diſtance of a Semicircle from each other. 


| | 7 
Def. IX. The oppoſite Angles at the Interſection of t 
Circles, are always equal, becauſe the ſame Plane conſtituiſ gerate 


both Angles. t til 


Pole, 


PRO 


" if 


51 Degrees 30 Minutes North, Geometrically. 

arter the Circle, which repreſents the Solſtirial-Colure or 
idian, with Z N the Prime-Vertical, and HO the Horizon: 
Wen ſet the Chord of the Latitude 51 Deg. 30 Min. from H 
p, the Pole: from Z the Zenith to & the Equinoctial from 
oS, and from N to Q, and draw & Q the Equinoctial, 
| PS the Equinoctial-Colure, from & and Qon both Sides, 
off the Chord of 231 Degrees for the Tropics © and M, 
| draw S X V$- the Eclipric; lay a Rule from & to ©, 
ich cuts PS in L, then thro' the three Points S L S. 
w the Tropic of S, which ſuppoſe the apparent Courſe of 
zun for that Day, which cuts the Horizon at O, thro' the 
e Points POS draw the Meridian POS. which forms 
firſt and third Triangles ſhaded, and at 6 a Clock. the G 
ars at L, thro' Z LN three Points, draw the Vertical 
EN, which forms the fourth ſhaded Triangle X LE. Apain, 
poſe the © at M, thro' the three Points Z MN, draw the 
muth Z MN, and draw thro' PMs the Meridian . — 
is formed both the ſecond and fifth ſhaded Triangles 
V and PZ M. 2 B71 | *; 


„ IEEE 


the Right-Angled Spherical-Triangle HOP, Plate 3. 
ure 1. Right-angled atH are 


bh 3p H, the Latitude 51 Deg. 30 Main. ads © - : 
P ©, the Sun's Diſtance from the Pole 69 Deg. 30 Min. 


HO, the Complement of the Sun's Amplitude. 

. THPO, the Hour of the Sun's Riſing, accounted 

ured 4 from Midnight. „ b 

P OH. the Angle of the Sun's Poſition, which the 
Horizon makes with the Meridian. 


To repreſent this Triangle on the Globe. 


ſtituWevate the Pole to the given Latitude, and turn the Globe 

t till 694 Degrees of the Equinoctial. Colure counted from 

bole, be at the Horizon, ſo will the Triangle be ee 
| eIcr1 


ct. 5. Solw/d by the Globes. 101 


£0 B. I. To 5 the Sphere for the Latitude 


deſcribed by an Arch of the Braſs Meridian, an Arch of 


ron Tyigonometrical 'Problems,; 


0 


nd 
the 
tic 
ſe t 
ſ fi 


Horizon, and an Arch of: the Calure, - TS 

The Complement of the Sun's Amplitude, HO, is nume 
on the Horiron, from the Colure to the- Nortb- Point of t 
Horizon, and in this Caſe is 57 Deg. 34 Min. 

For the Angle HP ©, count the Degrees of the Equinodi 
which are contained. between the Colure-and: the Nyrch-Side 
the Braſs Meridian, which Degrees reduced to Tame, i. 
Degrees 45 Minutes are equal to 4 Hours 11 Minutes; the i 
from Midnight, the Fime of Sun-rife, and; half, the Lenggh 
the Night, which ſubduct from, 1a, neſts 7, Hours 49; Minu 
the Time of Sun-ſer, and half the length of the Day 

For the Angle PO H, numhben ore the Calure, and alſo 
the Horizon, the Sides that inglude:the;Angle 99 Degrees fn 
the Angular-Point, and the Diſtance between thoſe. two Poig 
where Reckoning ends, meaſured by the Quadrant of Alti 
or by Compaſſes, contains 36 Degrees 39 Minutes, the Ag 
of the Sun's Paſition. | 


2 


aan III. 


In the Rigbt-angled spherical Triangle, Xy z Righfan 
at y, Plate 3. Figure 2. | 269 


X z, the Sun's Diſtance from V 72 Degrees. 


Given yXz, the Sun's greateſt Declination 23 Deg. 29 Min ell t 
g by A 

$- 25 zy,. the Sunꝰs preſent Derlinatiom | modi 
Required IX Y: the Sun's Right: Aſcenſtan. N 0 it 
dutreg y x, the Sun's Poſition, or che Angle that the oriz 


ridian makes with the Rcliptid. 


To repreſent this Triangle an the Gabe. 


Bring the Sun's Place, which is IE 12 Deg. to the:H 
Meridian, and fix the Globe in that Pofition, and the T 
will be repreſented by an: Arch of the Equenodial, ari Ar 
the Ecliptic, and an Arch of the Brazen Meridian. 

The Sun's preſent Declination X 22 Deg. 16 Mig. | 
ſured on the Brazen Meridian, from the Equiftofttel to 
Sun's Place, and is North, becauſe betwixt the EquinoRtial 
Arth. Pole. | | | 19 ©: of dit 95:08 
\ Fhe Sun's Right-Aſcenfion X y, is mea fured on the E 
tial 04 Deg. from V, to the Braſs Meridian. 


& 5. Sd by the Globes. 103 
nd for the Meaftire of the Angle y zX, number 90 

che Meridian from the Sun's Plaee, and 90 Deg. on the E- 
ric from the Sun's Place, ſo ſhall the Diſtance between 
e two Points, meaſured by the Quadrarit of Altitude, con- 
1 for the Angle y 2 K, 82 Deg. 20 Min. — 


PAO SB. IV. 


a the Right-angled Sphericil Triangle A OB, Right-angled 
j Plate 3. Fig. 3. 


AB, the Complement of Latitude 38 Deg. 30 Min. 
n T; O, the Sun's'Declination 20 Deg. 30 Min. North. 


A O, the surps Amplitude. 
viredy A B, the Aſcenſional- Difference. 
A OB, the Sun's Pofirion at Riſing. 


To repreſent this Triangle an the Globe. 


preſs the Eq uĩnoctial 'below; the An point of the Hori- 
38 30 Minutes, the — — of the Hatitude, 
number zoſt Degrees the Sun's Declination on the Equi- 
al-Colure, andibring that to che Kuſteside of the Horizon, 
hall che Triangle bel formed, and 


Ft 


below che :Hori- 
by AO, an Arch of the Horizon. AB, an Arch of the 
inoctial. And BQ, an- Arch. of the Colure. | 

0 the Sun's Amplitude from the Eat, is numbred on 
Horizon to the Caluxe, and is zz Degrees 26 Minutes. 
B the Aſcgnfional-Mifference, is nambred on the Equinoc- 
from the Eaſt- Point of the Horizon to the Colure, and is 
eg. 15 Min. which reduced into Time, is r Hour 49 Min. 
re 6, for Sun-riſe, i. e. 4 Hours 11 Minutes. "NY 
u the Angle of the — Pofition A OB, is — ye 
nung the. Sides: QA und OB to ndrants, and then 
— berwixt thoſe two Points, as in the ſecond and 


PR o Be. V. 


* Given 


the Right - ang led Spherical-Triangle 'AEL, Right-angled 2 


| 
| 
l 
| 
| 


104 ' Trigonometrical Problemm 
Given , AL. the Sun's Declination equal to 20 Deg. 30 Min 
| LAE the Latitude equal to 51 Deg. 30 Min. Nor, 


| LE, the Sua's Altitude at Six. | 

Required AE, the Sun's Azimuth from EA. 
| ALE, the Sun's Poſition or Angle, which the Cui. 
makes with the Vertical at Six. ** 


To repreſent this Triangle on the Globe. dick 


Ne 


Elevate the Pole to the given Latitude, fix the Quadrant ch 
Altitude in the Zenith, and number the Sun's Beclimiff 
205%. Degrees on the Equinoctial-Colure, the Colure H 


brought to the Eaſl- Point of the Horizon, bring the gra . 5 
ted Edge of the Quadrant, over the Sun's Declination on line 
Colure, fo will the Triangle be form'd by, 4 

AL an Arch of the Colure equal to the Declination. 

A 4 3 of the Horizon equal to the Azimuth, 

r 2 . 0 a + $a *, SP Eff , 

LE an Arch of the Quadrant equal to the Sun's AltiuM ror 
AE, the Sun's Azimuth from Faſt is 13 Deg. 6 may 
| LE, the Sun's Altitude at Six, is rag. 54 Min. Mun's 
the Angle of the Sun's Pofition ALE, is fou by con ror 
ing the Sides LA and LE to Quadrants, and then meaſuſ in d 
betwixt thoſe two Points, as in the ſecond and third PnifWE'olure 

| . 9 1 

Of Oblique-angled Spherical Triangles. * 

beg. 1 

1 | | itanc 

| PRO B. VI. Ititud 

| . m1 | | ought. 

In the Oblique-angled Spherical-Triangle PZ M, N Allo 
Figure 5. Oblique-angled arz, *' © | * ot 

| - 9 fy in 60 
ZP, the Complement of the Latitude equal to . w 
30 Min. | n 2, 
Given M — = _ Diſtance from the Pole equal to 6 cac 


MZ, the Complement of the Sun's Altitude equ 
47 Deg. 20 Min. 


* 


; PZM, the Sun's Azimuth from the North, 
Required 4ZPM, the Hour of the Day from Noon. 
Z MP, the Sun's Angle of Poſition. 


dect. 5, Solu'd by tbe Globes. 105 


® py 
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To repreſent this Triangle on the Globe. 


Elevate the Pole to the Latitude, then count Z P 38 Deg. 35 
ein. the Complement of the Latitude from the Pole, o 1 the 

rh. side of the Brazen Meridian, and where the Reckoning 

nds, ſcrew the Quadrant of Altitude, i e. on the Zenith, 
"x hich is markt 51 Deg. 3oMin. on the Braſs-Meridian this 
one, count the Side Mbp «94 Deg. upon the EquinoGtial-Co- 
re from the Pole, and the Side MZ equal to 47 Deg. 20 Min. 
4; n the Quadrant of Alricude. from the Zenith. downwards, 
nid ſo move the Globe and Quadrant of Altitude together, 


N iche Numbers counted on the Colure and Quadrant of Al- 
bude, meet in one point, ſo will the Triangle be exactly 
wonſheunezted upon the Globe. 

n. | | : 

h, Now to find the ſeveral Angles. 


[ein ror the Angle Z, count the Number of Degrees. of the Ho- 
yon, which are contained between the North-Point of the 
„ ceridian, and the Quadrant of Altitude 115 Deg. 35 Min. the 
lin. uns Azimuth from the North. | 
cone For the Angle Z P M, the Degrees of the Equinoctial, con- 
esu d between the $ourh-Side of the Braſs Meridian, and the 
Pro olure 45 Deg. reduced into Time, is 3 Hours from Noon, 
. 9 in the Morning. or 3 Afternoon. 
For the Angle ZMP. the Angle of Pofition, reckon 90 
geg. from the Point M. on the Circles MZ and MP. the 
ſtance betwixt thoſe Points meaſured by the Quadrant of 
Ititude, applied to both, give 36 Deg. 52 Min. the Angle 
onght. made by the Meridian and Vertical concurring in M. 
pl Allo by having three Parts of any Oblique-Triangle given, 
| he other three may be found. which afford no leſs Variety, 
han 60 Caſes in an Oblique, and 39 in a Right. 
As will appear, if we call the Latitude 1. the Sun's Declinati- 
n:, Azimuth 3. Altitude 4. Poſition 5. Hour 6. Then 
lay each of theſe: be found from 10 different Data's | 


EK 
691 


qu 


P may 
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6 | Thus may we ſerve t 
. LY EA five Parts of a Right 
may be found from the Ten| gled Spherical-Triangle. 
| different Data's, directly un- 
derneath. | Moreover, in the an 


| riangle, call the Side 2) 

| 22-3-4]1-5-6[L-5-6/1-5-6/2-3-4]2+3.4 1 Diſtance of the Pole d 
2 2.3.5]1-4 611. 4:6,2-3+5| 1-4 61243.5 kk Equinoctial, from. 
3 3-3 610-4-510-4-5Þ-3-018-3-01T 45 Pole of the Ecliptic, the 
4 2.4.5. 3.6.4.5 I. 3.61. 3.62. 4˙5 P M will be the Co. dec 
52 4.6]1.3.5 2.46 1.3.5 2.4-6|I.3*5 meien of a Str in 
6 2.5.6 1.3.4 2.5-6,2.5.6 1:3.4}I- 3-4 7M will be the Comyl 
| 713-4-5]3-4-5 [.2.61.2.6 [.2.6]3.4+5 ment of the duet 
$13.4-613.4.6 3. TK. —1 3-4.6|{.2+5 of that star, the Ang 
983.5 63. 5.601. 2.43 5.61.2. 4l. 2-4 MP Z, will be the Comyl: 
104.5. 64.5 6 4.5.6.1.2.3 I 2. }1-2+3 ment af the Stars Right. 
ſcenſion; the Angle P? 
the Stars-Longitude from S, and PMZ the Angle of the 
Stars Poſition. 
The ſame Triangle may be applied to ſundry other Uk 
in Geography, Navigation, and Dialling. 
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AUTICAL PROBLEMS, 


JPROBLEMS 


„m NAVIGATION, 
— Soly'd by the 
he 


LOBES. 


— 


SECT. VI. 
PRACOGNITA. 


HERE are four Fundamentals whereon the Art of Na- 
vigation depends. 1. The Courſe found by the Compais, 
regarding the Variation. 2. The Diſtance meaſured by 
Log and Half. Minute-Glaſs, allowing for Lee-way. 3. 
Latitude Found by Celeſtial Obſervation of the Sun or Stars, 
The Longitude found by Help of two of the foregoing: 
d inftrumenral Way at Sea of immediately finding bein 
diſcovered, that harh been certain and practicable: That of 
uum Watches, and the Eclipſes of the Satellites of Fupiter bid 
 Faireſt of any FT know. | 

before I begin any Problem, I ſhall premiſe a few Words of 
e and Diſtance, as deſcrib'd on the Globe. 
W make equal Angles with all Meridians on the 
be. 4 


. An equal Part of the Rhumb altereth the Latitude equal» 
in all Places, | | | 
D 2 3. They 


Al 


108 Nautical Froblems, „4. 


3. They are repreſented by Spiral-Lines winding about 
Globe, and continue inclining towards the Pole, where thi 
leem confuſed, never paſting thro' the Poles. 

4. The Bearing found by help of the Q..adrant. is not H. Qu 
true Rhumb leading from one to the other, which may 
thus proved by finding the Bearing of the Second from fn ©; 
which will not be the oppoſite Point, bur 'tis the Angle 
Poſition (i e.) the Angle which the Arch of a great Cir 
p fling vertically over the two Places makes with the \(; bern 
dian of the firſt Place. | | 


5. A Great Circle inclining to the Meridian, maketh gẽ² 3r 
Angles with all other Meridians, than with that from wha ic 
it was drawn. | Mer 

6. By the Diftznce is to be underſtord the ſhorteſt Diſ 51) 
or their Diſtance in the Arch of a great Circle, which is |. i 
than cheir Diſtance in the Rhumb leading from one to 


other. except both Places lye under one Meridian, or under 
Eq uator in as much as a great Circle on the Globe, lik 
ſtrait Line on a Plane is the ſhorteſt of all Lines or Circles 
ſible ro be drawn, | 3 | 

7. Wherefore the Diſtance in the Rhumb muſt be thus 
on or meaſured : Take a Degree or two of the Equator, 
turn ir over upon the 1 for if it be meaſured all atc 


Extent on the Rhumb then would it be the diſtance in 
Arch of a great Circle. | yo 
P R OBLEM JI. 95 
To find the Difference of Latitude betwixt any 
Places. "54 
I JI RING both Places, either at once to the Meridian. ; 


in the ſame Longitude. or one after the other, if 
d:f.rent Longitudes. 2. The Degrees intercepted by tit 
on the Meridian is the Difference of Latitude ſought. 


P R O B. II. To find the Latitude, Hour, Sun's A 
tude and Azimuth, the Globe, Suunſbine, 4 
the Day of the Month, | ; 


1. Fix the Glohe Horizontally. 2. Set a Spheric Gnom 
exactly on the Sun's Place (found againſt the Day of 


Month on the Horizon) in the Ecliptic, which bring to N 
Meridian. and the Index to 12 at Noon. 3. Move the G 
:pward and downward Eaſtward and Weſtward, till it — 

4 CT * 5 a . 
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it Hiow on any Side. 4. Then the Degree of the Me- 
e ihn cut by the Horizon is the Latitude tought. 


We,” Ihe Index points at the Hour. Then apply 
> Qu*di2nt to the Zenith, and over the Sun's Place on 


lot t 


nay Quadrant is the Altitude. And where the Quadrant 
n füt curs the Horizon is the Azimuth on the Horizon. 

igle . | 2 

Circ 


e erwiſe, By the Meridian- Altitude of Sun or Stars. 


x. Brirg the Sun's Place or Star to the Meridian. 2. And 
it count on the Meridian the Number of Degrees equal to 
Meruliar-Alticude given where the Count ends, bring to 
Nan n- Point of the Horizon, if obſerved on the South, bur 
is if obſerved on the North off the Zenith. 3. So will 
to off Elevation of the Pole ſhew the Latitude. 


grea 
uu hen 


der 
like got 
les M Sex 0 vs1s of all the poſlible Varieties, that as 
us happen in working an Obſervation at Sea, | 
or, 4 — — — 
fat r Stars Situa- Sun's Sha- Rule. What 
in WF mation. tion. | dow. Latitude! 
N S*d. ] Ned. Add the Declination No 
and zenith Diſtance, the 
Ned. | Sed. [Sum is the Latitude. 8 
uy | 3 
Nod. ] $*d. The Difference of them $9 
lian is the Latitude, when the 
F Sod. Ned. [zenith-diſtance is greater No 
4 — — e — — — 
Ned, | Sed. But when the Zenith.“ No 
iſtance is leſs than the 
s Al Sed. | Ned. [Declination. the Diffe 8 
Je, 6 rence is the Latitude. | 
Ned. | sed. The Zenith-Diſtance is $* 
e at alſſZzenith No Shad.|the Latitude. 0 
nom Sd. Ned. No 
of — 6 
ro | In the No Sha-| The Declination is the] N® 
e Gic enith] dow. [Latituſſe. ; BW | 
caſt * | 
Shad Notes 
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No North O in on Latin 

80 South is nothing, < / 
Note, J Nod. ſtands for Northward front 4 

$2d, South ward the Equator, 7% 


Betwixt the 1oth of March and the 12th of September! 
Declination of the Sun is North, and betwixt the 12th of x 
tember and 1oth of March the Declination is South. 
But if the Sun or Star do not Riſe or Set in 24 Hoy 


obſerve this General Rule. 


If the Ob- under Sum hae 
ject ob- the Pole the of the Men 
ſery'd be & above Difference 


an-Altitude and Complement of Declination, is the Latin 
of the ſame Name with the Declination. + 

Or without the Declination, obſerve the Meridian-Altin 
when above the Pole, and when below ; Half their Sum it 


1 


Latitude. 


PR o B. III. To find the Difference of Longit 
of two Places. | 


1. Bring both places to the Meridian, one after ant! 


diligently marking what Degree of the Equator is cut by * 
Meridian, when each Place is under the Meridian. 2. The... 
gree on the Equator ſo intercepted is the Difference of 10. - 


gitude. 

Note. The Degree of Longitude of one and the ſame Þ 
by different Authors, may vaſtly differ in Number, yet 
true; becauſe of the Variety of firſt Meridians, or Beginni! 
of Longitude, which breed Confuſion; and the more, 
cauſe each Author doth not keep always the ſame, nor 
whence he begins Longitude, and if ſome do. perhaps t 
tel] not whether the Eaſt, Viſt. or Middle of the Iſland, . 
it were 3, 4, or 5 Degree; broad. 


Lg 
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TABLE of the ſeveral firſt Meridians, by whom 
ſed, and their Difference in Longitude from 


Pico de Teneriffa. 


bert | 
Y E — '4 Deg. Min. 

| the Haniſh | ay IS 55 
' Mercator 2 13 25 
uſed by Moxon P d 10 25 

* Dutch — 'S 9 | 
chael | Engliſh | 2 | 5 
4 or Fer. French 8 3 


e of which ſeem to me to have the chief Properties of a 
choſen firſt Meridian, which, with due Reſpect, I propoſe 
e ſudgment of the Learned. 

That it be on the Equator, becauſe thereon Longitude is 
ned, 

That it be ſome ſmall Iſland not above half a Degree 
| to prevent Errors, whether Side of it ſoever Longitude 
ences. | 

hat it ſtand by it ſelf, not confounded with other. 

It it divided the two Continents, America from Europe, 
and Africa, it would be more conſpicuous. 

on Search, in the Dutch Maps, ſuch a Place appears, called 
„ having all the above Properties Veſt from Pico de Tene- 
litant about 9 Degrees of Longirude, tho' to ſpeak 
ruth, I found it not elſewhere. | 

tioning before in the Præcognita two inſtrumenta 

of detecting Longitude, ſomething further concerning 
nner follows. 


» IV. To find the Longitude by Pendulum- 
Watches. 


| | 
ike at leaſt two Watches, that if one ſhould ſtop by 
IIhiap or Neglect, the other may keep going. 

tep them cloſe, free from Moiſture or Duft. 

t them be well adjuſted by an Equation-Table, before 
taken to Sea, and kept going while at Sea. 25 
t them to the exact Moment of Time obſerved by the 

the Place left, regarding the Equation-Number. | 
en arriving at the Place whoſe Longitude is ſought, 
exactly the Time by the Sun in that Place, and alſo 


by 
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by the Watch. allowing for the Equation ; if they both y 
exactly, there 1s no Difterence of Longitude. But if the I 
of the Day there be greater than that ſhewn by the War 
ehen the Difference of Longitude is Eaſterly : but if . 
Weſterly. a ES l 

6. Convert the Difference of Time into Degrees, which 
be the Difference of Longitude in Degrees with greater Hie. 
neſs than tfoſe Ways that depend upon Tables, ſo vin 
among themſelves, ſuch as Calculations of Lunar-Eclipſe| 
which are as laborious as uncertain, and their true Beginr 
or Ending are ſcarce t6 be diſtinguiſhed for ſome Mini 
by Reaſon of the Penumbra: tho' four Minutes in Time 
alter the Longitude a whole Degree; We 

7. To convert Time into Degrees, or Degrees into T| 


I. ( 
Time. 
Hours. Min. Ars 2 Deg. llel 
Remember 1 0 0 15 
© a ©) 
0 , Seis equal to R ( 
o o 4 
Hours. Min. Sec. | Deg. 1. I 
3 = 5 the 
— — ve tl 
_ 8. © =: 45 
0 40 0 = 1 
o 2 0 = 3 
© 0 32 = 0 


8. Wherefore, conſidering the vaſt Improvement in V 
work by the Learned Dr. Hook, the Ingenious Hugen. 
whole very firſt Work, being try'd by Major Holm. 
both Satisfactory and Uſeful in a great Streight, and me! 
Commendation. and the Approbation of the States of f 
inſomuch that he obtain'd a Patent for them ; this ſeen 
its Readineſs, and to be done by one alone, no deſpl 
Way, tho' not infallible. 


PR O B. V. To find the Longitude by the Si n. 
| of Jupiter. the + 
1. This above all claims rhe firſt Place by Geographer, 

cially by their Eclipſes, both becauſe they are frequen!, 

being almoſt Momentaneous. ; 
2. This (as before) requires the exact Time of their 
pening in both Places, either their Immerſion or En- 


. ' | „ 
| dich may be obtained by taking exactly the Altitude of a 
oth ed star at the ſame Inſtant. pic + #208 
the I;. Reduce this Difference of Time into Degrees of Longi- 
ache, as before taught. „ 
if . Tis true, as this is leſs fallible than the Former, ſo *ris leſs 
Naaicable at Sea, as requiring a long Teleſcope not to be ma- 
hich Mged well a Ship-board. alſo the joint Aſſiſtance of ſome able 
ter Enblervators at both Places, tho' it may be of extraordinary 
vice to rectify rhe Longitude of Sea· ports, when they are on 


1pſes, nd. 4 
eginn i v.20 ' ; *, b 5 7 f G F 2” 
— 0 B. VI. Betwixt two Places to find the 


Courſe. 
to I. ; 5, #4 TY | 3 n 

1. Obſerve the Rhumb that paſſeth thro* them, which is it : 
if none runs thro” them, that Rhumb which runs moſt pa- 


lel to them is the Courſe. | 


10 1. VII. 75 find how many Miles are in 4 
Degree of Longitude in any Latitude. | 


. In the given Parallel take 20 Degrees, and 'meaſufe them 
the Equator. 2. The Number whereof there tripled will 
ve the Number of Geographical Miles (s of which make a 
tee of Latitude.) 


k O B. VIII. A Place given of a certain Diſtance 
from us, to find all the Places of like Diſtance. 


1. Retify the Globe to our Latitude. 2. Bring that Place 
the Meridian. 3. To the Zenith affix the Quadrant. 4. 
rk what Degree of the Quadrant the other given Place 
6. 5, All the Places paſſing under that Degree, while the 
obe is turned round, are of the like Diſtance. | 


10 B. IX. Courſe and Diſtance given; to „nd 
the Latitude and Longitude arrived at, ſuppoſing 
the Place left be known. I 


I. Make a ſmall Mark on the Rhumb given in the Latitude 
the Place left. 2. Bring that Mark to the Meridian, 9 
WU then 


— 


— 


7 ! j - P73 g * . ＋.4 
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then cuts the Equator in its Longirude, which we afl 
the Longitude left. 3. Reduce the Diſtance fail d into Hegi 
4. Take one Degree from the Equstor, and turn it over 
| the Rhumb, as oft as there be Degrees in the Diſtance gi 
l; J. At the End of the Diſtance make a Mark, which bring 
ji "the Meridian. whereon is the Latitude arrived at. 6. The 
Tidian cuts then alto the Equator in the Longitude of y 
Point. which compared with the Longitude left. we get 
Difference of Longirude, and conſequently rhe Longitude 
rived at, if we add it to. or ſubtract it from the Longin 
left, according as the Courſe hath been Eaſt or Weſt. 


| | 
f . 
4 
1 
} 


Pro B. X. Both Latitudes and Courſe given 
find their Diſtance, and Difference of Longitud. 


t. Turn the Globe till the given Rhumb cuts the Meti 
in the Latitude left. 2. There mark the Rhumb, and bh 
then the Degree of the Equator cut by the Meridian, cal 
zit the Longttude of Departure. '3. Turn the Globe til 
ſame Rhumb cu* the Meridian in the Latitude artived at, 
der which on the Rhumb make a Mark, and find the Lo 
tude gf this ſecond Mark, which compared with the Longi 
of Departure gives the Difference of Longitude. 4, T 
over a Degree of the Equator as oft as is poſſible betwint 
two Marks on the Rhumb. for the Number of Degrees thet 
Places are diſtant on the Rhumb. 


PA O B. XI. "The Latitude and Longitude if 
Places given; to find their Courſe and Diſtan 


1. Find the Places themſelves, then their Courſe and 
Nance, by the Sixth Problem aforegoing. | 


Note. Tis beſt working theſe Queſtions on the Globe, 
feweſt Places are painted, | 

Note. By ſome of the foregoing Problems, the Mariner 
find the Way the ship hath made, and make Pricks on 
Globe in their proper Places for every Day's Voyage, and. 
ſequently know where they are, how far from their | 
ken Port or defired Haven. this truly repreſenting rheir\ 
age with leſs Trouble and more naturally than by any 
verle or Journal whatever. .- el e 


Y 


PRC 


d. 6. N by the lobes, r1 5: 


alle | 
en 10 B. XII. The Diflance of two Places ſituate. 
ce gi the ſame- Meridian, with, their Aneles of 0. 
bring nn they make with a third Place; to find that 
7 Place with | its wet 71 fron each of the, 


other two. © 


L Retify the Globe to the Latitude-of the firſt, and fx the 
alrant to the Zenith. 2. To the zenich bring the firſt given 
de. 3. Extend the Quadrant to the Point of the Horizon 
which it bears off the Third. 4. By: the Side of the Qua- 

int make a ſmall Trace with Chalk. 5. Elevate the Pole to 
Latitude of the ſecond Place. Bring it to the Meridian 
j the Quadlranr ta the Zenith. 6. Bring the Quadrant to 
nt point of the Compaſs on which it — from the Third. 
Where the Quadragg croſſeth the chalk'd Line is the thir 

ce. whoſe Diſta ure om the ot er du find by the Deg; 


till the Quadrant of Aleitude. 
d at, u By this one may plot any new Land, obſervin 
ie Loring from dp known Points. the Bearing and ee n 
oni on not 5 5 much in the d Compals 

4. 18G Horizon... 
wirt tabs 
s the! #/ 5 

ko n. m 75 take the Alitade | of a Star. 

1 ee. + done ſt up and, down 

tan 


eo the, ;Pole 05 the Axig the Star be dire@ly 
1 05 on he Merten intercepted by the 
2 i he 4 0 2 
1 is 8 JU 


10 B. XIV. 7 tain the Nether of the oft 
| noted Stars. ® 


A2. 0 

alt che Globe 1 to BA Latitidde. Day, or Hour of 0 daß , 
n if every Star on the Globe had a Hole, and the Eye was 
el in the very * of the Globe, and looking thro' 
Hole, » ire, Ba we'd from the Eye thro* the Center of the 


any if extended to the Firmament. would cut the ſame Star 
Joe — n that Star on the Globe repreſented: if 
Glohe was 5 y Wd fied 4 1 * 


y level, and the Meridian 


— — o 


Riſing „ Riſing. 
On the Meridian | J | on the Meridian | 
on the 


On the Zenith on the Zenich in g 
Setting lobe bea Setting Hex 
Qn any Azimuth | on the ſame Azimuth ens 
On any Almcanter || | on the ſame Almican, | 


- Wherefore. take the Azimuth or Amplitude by a Comp 
or Altitude by a Quadrancof any Star whoſe Name is de 


and find what Star hath the ſame Altitude and Azimuth by 1 i 


either its Name, or what Part of the Conſtellation it 
ſeſſes, as alſo. its Magnitude, S. It may be objected, f 
the Planers X.. and: L eſpecially, may cauſe the you 
Wie to o miſtake,” Tarn this wald be che negt þ 


? R a B. XV. 25 4 4 flag Clans from 
ed Stars. e 10 37 


- 170 1 


1. Planets a6 * erin ances” 2 . They 8 are. big 
than ordinary, 'Þ and 2 eſpecially. z. They are, of di 
ing Colors, h of a leaden Color, and of third Magniti 
bigger than the Firſt, of a Silver-Color, & of the ſea 
Magnirude,, of a Copper Color, 27 bigger han , ol 
Gliſtering Color like new-coin'd Silver, G of the ti 
Size, Pale, White, like Quick filver, never aboye zo Dep 
from the sun. ſeldoni ſeen but when hou 15 es before rhe 
or ſets juſt after the Sun. 4. they their Places i 
Week or two obſervabl7 from ſome known fixed 
5. Conſult an Ephemeris to ſee in what sign the Planets 


and if my are not in the Sign oblery'd ; know tis a i 
Star. 1 x wy 71 


. . - 5 C5 '# 
\, . k* 7 i 'E = ED 4 , 


Pu R O By XVI. To few in „ the Night — foe / 


Starb. 14.01 500) © 


11 979 'h * * i ; 11 : 


1. Rectify the peg ro * Latitude kd Hour of the Diy. 
Then turn the Globe till the Difference of Longitude 
paſſed thro* the Merid{bn;, that is betwixt the Plate left 
the Place ſail'd to. 3. H any Star in the Latitude and [0 
rude: aim'd at, come to or near the Meridian, that 8 
chen in or near the zenith of the Port deſited. The! 


I 
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che Ship towards the ſame Star in the Heavens without 
1 2 what Star is in or near the Zenith of the 
ce lall d co. | | = 


' 


o B. XVII. By the Globe to find the Varia- 
tion of the Compaſs. © k 


hſerve by the Compaſs on what Point the Sun riſes or 
by the Globe find the Sun's true Amplitude, if they 


by i h agree, then is there no Variation, if not, their Difference 
d the Variation ſought. Which is Eaſterly, If the un 
on the Compaſs nearer the North, than on the Globe, 


ſets on the Compaſs further from the North than on the 
he. But Weſterly, if the Sun riſes on the Compaſs fur- 
; from the North. than on the Globe, or ſets on the Com- 
\ nearer to the Nerth than on the Globe. 1 

he ike may be found at any Time. by comparing the A- 
ch by the Compals, and the Azimuth, by the Globe in- 
| of Amplitude. | . „ op Ka 


e bi Nel „ 

5 0 B. XVIII. Seeing two known Points or Capes 

Se Land as we ſail along; to find the Ship's 
Viflance from them, by knowing their Bearing. 


fich one Foot of a Pair of Compaſſes upon one Cape, 
the ne other Foot upon the Nhumb which Sink bk 
ces M Cape ; do the like by the other Cape with another 
ed ir of Compaſſes, then move the Compaſles ſo open'd by 
nets Ba: wo Rhumbs off from the Land, the very ſame Poinr 
5 4 re the two Feet which came from the two Capes do 
ß the Point where the Ship is, whoſe Diſtance mea- 
by the Quadrant of Altitude. 


be f 1 ä 
NR AT 
„ iin F ' - 


W's 20. Line : and 38 for Miles read Geographical Miles. p. 75. J 33. for 
left bepreſſion of 1 Star, &c. read Depreſſion of the Sun when a Star of the 


Mei 


__ — „ 


PAR A- 


* [ , | 
* *\s 0.4 d 4d / 
N 
* 
ws * * 4 * q i 
— D # , 
3 . $f "SS 5 


1. 1 bg HERE i oy the Terraquepus Globe 4/ cord Fa 


To be Reſolved by the 


GLOBE: 


„* 2 — = bw. thy, \ * 81 * 
* e * 7 * . * * n 


Wit ches PATRICK GORDON the in lege 
of the Geographical Grammar hath publiſh'd therein Fa 
verting and farpriving Paradoxes, of which, in my 
cal-Miſcellany, 1 have attempted a probable Solution, and: t 
to have ſubjoined 55 more, with their certain — 
which, when peruſed, will 997 the long Par 


N to the World by G h | cond an * an 
| Entertainment, with hich conelpüs "his Tout IL m. 
both Globes. t the | 


of. Latitude. to which 4 Ship may be ſuppoſed to fai, a 

have Ka- room. to depart from that Parallels. bus ſuch is the 7 

| of every Point of that Parallel of Latitude. that no Ship 64n ſal} 

the ſaid Latitude, but upon one particular Point of the 5 

Winl ibo it wer voun al the 32 Points, will always log 

that Point upon which the Sbip muſt ſtil from that 1570 

Wind ho blowing againſt the Point upon a y hy a 
the Sip may go diredlly before the Wind. 


II. There are two Places en the Terraqueous Glabe þo dend 
reſpect to one another. that from each of "thoſe Places 4 Ship md 
and tho" they have Sea- roam 10 all the 32 Points, yet it 1 1 
for them 7 * til from thoſe Places but upon dt ebte Points of 

eſt ; and tho they ſail udon oppoſite Points, yet they eee. 

e euer following or meeting one another. 
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there is certain Plare of the Terraqueous Globe to which the 
un and Moon riſe aq in the South, and ſer in the South. 


Here are two Places of the Earth which bear direflly North and 
zouth of one another and their Diſtance from each other is 100 Miles, 
n the true Courſe from one of thoſe Places to the other i to ſail 30 
liles due North, an 50 Miles due South. | 


there i 4 certum Plabe on the Terraqueous Globe to which 4 Ship 
my ſail directiy wpon one Point of the Compals ; but there are other 
ſurteen Points on which 4 Ship may ſail towards that Place, but if ſhe 
une 20 ſall up dn e er 4 one of the Fourteen, ſbe will always approach 
er to the aforeſaid Place, but will neuer be able to come io it. 


Here iu 4 certain Parallel of Latitude upon which 4 Shi may ſail 
mand the Globe, and may all that Nme obſerve the Body of the Sun, 
without bis being, above the Horizon. © 


|. There i 4 certain Place of the Earth from which two Ships-may de- 
n on one and abe fame Day yea. and on the ſame Hour and Minute of 
ther Day, and upon one and the ſame Point of the Compaſs. may continue to 
ſal with the ſame Velocity for the Space of 24 Hours. and tho they depart 
um the ſame Place. and at the ſame Time. and both ſail upon the ſame 
int of the Compaſs; with the ſame Veloci 225 in 24 Hours, they. 
pill be diſtant from one another above 1000 Italian Miles. 


ll. There ig 4 certain Parallel of Latitude upon which 4 Ship may ſail 
| the Rute of 12 Italian Miles an Hour and in 24 Hours ber Veloct- 
hy. meaſured in Degrees of the Equator, ſhall be equal to the Velocity 
file Sun on the loth of June. 


Here is 4 certain Place of the Earth, from which 4 Stone of about 
loo Weight could not fall. tho a Pit were digged all round it. and 
but which is the Cauſe of other Bodies falling from other Places, would 
| 1 in that Place. 93 


Here are „ of Latitude, in one of which leſs Gold will make 
Pund Weight than in the other. 


ner are £20" Places of the Earth where one an] ſane Veſſel will botd 
more IVine or Wuter in the one Place than in the other. s 


|. Thre is 4 certain Parallel of Latitude from which two Ships may ſail 
it one and the ſame Moment of Time. with reſpect of real Time and with 
ef of apparent Time. will differ one entire natural Day; hut there-is 
ather Parallel of Latitude, to which. if thoſe two Ships ſai upon one and 
le ſame- Point of the Compaſs. with the ſame Velocity, they ſhall arrive 
& that certain Parallel of Latitude as one and the [ame Moment both 
ruh reſpect to real and apparent Time. | XIII. 


TOY 
— 
. 


+> ow ——— Aa. 
vs „ 4 os — — 2 


till the ſame Altitude; and notwithſtanding of the Piurna 


XVI. There i 4 certaih Port, from which, if three Ships depdrt al 


XIX. There n 4 certain Parallel of Laritiide, on which Parallel the Stir, 
the Noxth-Polar-Star, appears, by Obſeruation, to be 47 Dep 


XX. There ave two Places hing in the Torrid. Zone tber at mapa 


XXI. There are 24 Plittes on the Terraqueous Globe, in which 


> — — 


120 Paradoxes, & W. 


XIII. There i & certain Place of he Earth, where all the fixedly 


the Earth, they atways bear upon the ſame Point of the Comp q 


XIV. There are ſeveral Places at à conſilerable Diflance from one a 
lie all directiy Eaſt of London, but London, does not tie din 
from any of the ſaid Places. 1 ——_ 


XV. The Chriſtians obſerve the firſt Day of the Week for their Sunda 
Jews the Seventh for their Sabbath, and the Turks the ſixth Dai 
Week for the Time of their Worſhip ; but there is a particular Plan 
Globe to which. if a Chriſtian, Jew, and Turk ſail in ene M 
Ship, they ſhall keep the Time for their Worſhip on diff erent Dan. 
all the Time they are ſailing to that particular Place; but when uy 
at that Place, and during the Time ibey remain as "ul 
ſtall all keep their Sabbath on one and the ſame Day; but wen 
part from that Place, they ſhall all differ as before. | 


the ſame Time, and ſail on three particular different Courſes, till obo 

to the Port they departed from, and if in one of theſe Ships be China 
in the ſecond Jews, and in the third Turks. when they retum 
they departed from. they ſhall differ fo with reſpect to veal and 
Time, that they all ſhall keep their Sabbath on one and the ſame 
the Week and yer each of them. ſeparately. ſhall believe that 
Sabbath on the Day of the Week bis Religion requires. © 


. 


XVII. There is 4 certain Country in ih North Temperate- Zo 


Inhabitants the Bodies of the three Superior Planets, Saturn. Jai 
Mars appear to be moſt enlighten'd, when they dre actua ly leaſt en 


XVIII. There & 4 Continent, all lying, in the North-Side of the E 
whoſe Inhabitants the Body of the Sun ſeems to be neareſt to rhe 
i fartheſt removed from them. | _ 


above the Horiz.on, and at another Time, tbe ſaid Pot Stat u 
by an Obſerver on the ſame Parallel of Latitude, to be dd the Bay 


Miles diſtant from one another, but if a Ship ſail from one to i N 
one particular Point of the Compals, the Difference of Tine ben 
o Places will actually be found to be above 23 Hours. | 


Hours of the natural Day do always exiſt at the ſame Time all , 
the Diſlance of any two of thoſe Places does not exceed 60 MER 
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ESCRIPTION 


OF THE 


RRERY. 


iy made by T HO. WRIGHT, Ma- 
hematical Inſtrument-Maker 0 H;s 


AJESTY. 
| ly are in Natute: Theſe Machines are made of 
—_ various Sizes, ſome having more Planets than 
bat I hall here confine my ſelf to the Deſcription of 
dove mentioned. | 
Frame which contains the Wheel-Work, c. The Deſerip- 
gulates the whole Machine, is made of fine Ebo- #7» of the Or- 
| is near four Feet in Diameter; the outſide ä 
f is adorned with twelve Pilaſters, curioully 
the and gilt: Between theſe Pilaſters, the twelve Signs of 
diac are neatly painted, within gilded Frames. Above 
ime is a broad Ring, ſupported with twelve 
This Ring repreſents the Plane of the Ewliptic, Yide Orrery 
which there are two Scales of Degrees, and be- b. 121. 
thoſe the Names and Characters of the twelve 
Near the Outſide is a Scale of Months and Days. exactly 
R correſponding 


HE ORRERY is an Aſtronomical F 
Machine, made to repreſent the Orrey. 
Motions of the Planers, as they real - 


122 be Deſcription of  - 
correſponding to the Sun's Place at Noon, each Day throys 
out the Year. 5 "A 

Above the Ecliptic ſtand ſome of the principal Circles 
the Sphere, according to their reſpective Situation in the fe 
vens, viz, N 1o, are the two Cwlurer, divided into Degrees. u 
Half Degrees: Ne 11, is one Half of the Equinoctial Cj 
making an Angle with the Ecliptic of 234 Degrees: The 
pic of Cancer and the Ardlic Circle are each fixed parallel, y 
at their proper Diſtance from the Equinoctial. On the f 
thern Half of the Ecliptic, is a braſs Semicircle, moveable y 
on two Points fixed in Y and : This Semicircle ſervesy 
moveable Horizon, to be put to any Degree of Latitude yy 
the North Part of the Meridian. The whole Machine is alſe 
contrived, as to be ſet to any Latitude, without affecting 
the leaſt any of the inſide Motions: For this purpoſe there 
two ſtrong Hinges (N“ 13.) fixed to the bottom Frame; uf 
which the Inſtrument moves, and a ſtrong Braſs Arch hay 
Holes at every Degree, thro' which a ſtrong Pin is to be 
according to the Elevation. This Arch, and the two Hing 
ſupport the whole Machine, when it is lifted up according 
any Latitude; and the Arch at other times lies convenient 
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under the bottom Frame. 59 ' a 
When the Machine is ſet to any, Latitude (which is bove th 
done, by two Men, each taking hold of two Handles. com n 2 lit 


all the 
ling to 
en 1t 1s 


ently fixed for that purpoſe) ſet the moveable Horizon to! 
fame Degree upon the Meridian, and you may form an lia 
the reſpective Altitudes or Depreſſions of the Planets, ab 


or below the Horizon, according to their reſpective Po u v 
with regard to the Meridian. * ruption, 
Within the Ecliptic, and nearly in the ſame Plage then ah bet 
elc 


ſtand the Sun. and all the Planets both Primary arid Second 
The Sn (N® 1.) ſtands in the middle of the whole Syſtn, 
on a Wire. making an Angle with the Plane of the Rel 


Motion 
[here is a 


of about 82 Degrees, which is the Inclination of the n the r 
Axis, to the Axis of the Ecliptic. Next the Sun is e ſomeu 
Ball. (Ne 2.) repreſenting Mercury: Next to Mercury is HMC may | 
(Ns 3.) repreſented by a larger Ball, (and both theſe ſtandy he Lamy 
Wires, ſo that the Balls themſelves. may be more viſibly by meat 
ceived by the Eye.) The Earth is repreſented (No 4 )by 1" the ſn 
vory Ball having ſome of the principal Meridians and to ſhew 
lels and alittle Sketch of a Map deſcribed upon it. The ing thi 
which ſupports the Earth makes an Angle with the Plan this Mach! 
the Ecliptic of 6 Degrees. which is the Inclination of"? ©xplai; 


Farth's Axis to that of the Ecliptic. Near the Bottom of 
Earth's Axis is a Dial-Plate, (Ne 9.) having an Index poi 
to the Hours of the Day, as the Earth turns round its = 


% 
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Round the Earth is a Ring ſupported by two ſmall Pillars; 
wich Ring repreſents the Orbit of the Moon, and the Diviſi- 
s upon it anſwer to the Moon's Latitude; the Motion of 
is Ring repreſents the Motion of the Moon's Orbit according 
that of the Nodes. Within this Ring is the Moon (Ne 5.) 
ving a black Cap or Caſe, which by its Motion repreſents 
» Phaſes of the Moon according to her Age. Without the Or- 
s of the Earth and Moon is Mars (No 6.) The next in order 
Mars. is Fupiter and his four Moons, (N® 7.); each of theſe 


ons is ſupported by a crooked Wire, fixed in a Socker which 


rns about the Pillar that ſupports Jupiter: theſe Satellits ma 
turned by the Hand to any Poſition; and yet when the Ma- 
ine is put in motion, they'll all move in their proper Times, 
e outermoſt of all is Saturn and his five Moons. (Neg.) theſe 
bons are ſupported and contrived after the ſame manner with 
pſe of Fupiter, The whole Machine is put into Motion by 
ning a ſmall Winch, (like the Key of a Clock, No 14); and 
the inſide Work is ſo truly wrought, that notwithſtanding 
vaſt Number of Wheels that are to be turned, it does not 
uice above the Strength of a fine Hair to put the whole in 
tion. 

\bove the Handle, there is a Cylindrical Pin, which may be 
wn a little out, or puſhed in at pleaſure: When it is puſhed 
all the Planets both Primary and Secondary will move ac- 
ling to their. reſpective Periods, by turning the Handle: 
en it is drawn out, the Motions of the Satellits of Jupiter 
| $turn will be ſtopped, while all the reſt move without in- 
ruption. This is a very good Contrivance to preſerve the 
rument from being clogged by the ſwift Motions of the 
eels belonging to the Satellits of Fupiter and Saturn, when 
Motions of the reſt of the Planets are only conſidered. 
[here is alſo a braſs Lamp, having two convex Glaſſes, to be 
in the room of the Sun; and alſo a ſmaller Earth and Moon, 
e ſome what in Proportion to their Diſtance from each other, 
ich may be put on at pleaſure. - 

Ihe Lamp turns round in the ſame time with the Earth, 
| by means of the Glaſfes caſts a ſtrong Light upon her: and 
en the ſmaller Earth and Moon are placed on, it will be 
to ſhew when either of them may be eclipſed. 

wing thus given a brief Deſcription of the outward Parts 
this Machine. I ſhall next give an Account of the Phæno- 
u explained by it, when it is put into Motion. 
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124 The Deſcription of 
I. Of the Motions of the Planets in general 


Having put on the Handle, puſh in the Pin which iz 
above it, and place a ſmall black Patch (or bit of Wafer) 


ſecon 
4 rhe fc 
we tur 
ours mo 
er Pofit 


on the midgle of the Sun (for Inſtance) right againſt the i — fi 
Degree of Y'; we may alſo place Patches upon Jens, Mn lil...) utic 
Jupiter, right againſt ſome noted Point in the Ecliptic. the Le: 
we lay a Thread from the Sun to the firſt Degree of V, . Inſtru 
may ſet a Mark where it interſects the Orbit of each Planer; ea to t 


that will be a help to note the Time of their Revolutions 
One entire Turn of the Handle anſwers to the Diurnl 
tion of the Earth round her Axis; as may be teen by the 
tion of the Hour-Index which is placed at the Foot of the Vi 
on which the Terella is fixed. hen the Index has movedt 
ſpace of ten Hours, we max obſerve that Jupiter has made 
Revolution complete round its Axis; the Handle being tum 
until the Hour-Index has paſſed over 23 Hours, will bring! 
Patch upon Yenus. to its former Situation with reſpe to 
Ecliptic, which ſhews that è has made one entire Neyolut 
round her Axis. Mars makes one complete Revolution ray 
his Axis in 24 Hours and about 40 Minutes. When the 
is turned 27 times round, the Spot upon the Sun will poi 
the ſame Degree of the Ecliptic, as it did when the I 
was firſt put into Motion. By obſerving the Motions of! 
Spots upon the Surface of the Sun, and of the Planets in! 
Heavens, their Diurnal Motion was diſcovered; after thelu 
manner as we do here obſerve the Motions of their Repteſ 
ratives, by that of the Mapks placed upon them. 
If while we turn the Handle we obſerve the Planets 
will ſee them perform their Motions in the ſame relative Tit 
as they really do in the Heavens; each making its Period 
the Times mentioned in the Tables of their Periadic R 
Jurions 274 Turns of the Handle will bring the Moon rout 
the Earth, which is called a Periodic Month, and all the wi 
ſhe keeps the ſame Face towards the Earth: for the Moon's! 
nual and Diurnal Motion are performed both in the ſame T 
nearly, ſo that we always ſee the ſame Face or Side of ! 
Moon. | | 
If before the Inſtrument is put into Motion. the $atell 
of Fupiter and Suurm be brought into the ſame right Line fr 
their reſpective Primaries, we'll ſee them as we turn the Mil 
dle immediately dilpers'd from one another, according to tht 
different Celerities. Thus, one turn of the Handle will bt 


the firſt of Fypiter's Moon's about 7 parts round Jupiter; whi 
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ſecond has deſcribed bur + parts; the third but about ; 

4 the fourth not quite d part; each of its reſpective Orbit. 

we turn the Handle until the Hour-Index has moved 18 
ours more; the firſt Satellit will be then brought into its for- } 
er Poſition, and ſo has made one entire Revolution; the | 
ond at the ſame time will be almoſt diametrically oppoſite 3 
\ the firſt 3 and ſo has made a little more than Half of one [| 
eyolution: the others will be in different Aſpects, accordi "2 
the Length of their Periods, as will be plainly exhibited by 1 
e Inſtrument. The ſame Obſervations may be made with re- | 

ect to the Satellits of Saturn. [+ "oh . 
The Machine is ſo contrived, that the Handle may be turn- | 

| either way; and if before we put it into motion, we ob- A 
rve the Aſpects (or Situation with reſpect to each other) 80 4 

e Planets, and then turn the Handle round any Number o 

mes; the ſame number of Revolutions being made backward 

ul bring all the Planers to their former Situations. I ſhall 
t proceed to Particulars, 


Vf the Stations and Retrogradations of the Planets; | 


The Primary Planets, as they all turn round the Sun, at dif- 
rent Diſtances and in different Times, appear to us from the 
rth to have different Motions 3 as ſometimes they appear to 
ove from Nat to Eaft according to the Order of the Signs, 
hich is called their dire# Motion ; then by degrees they flacken 
ir pace, until at laſt they loſe all their Motion | 
d become Stationary, or not to move at all; that Stationary. 
they appear in the ſame place with reſpect to the . 
ed Stars for ſome time together: After which they again be- 
n to move, but with a contrary Direction, as from 
to Weſt ; which is called their retrograde Motion: Retrograde 
en again they become Stationary. and afterwards — 
ume their direct Motion. The Reaſon of all 
eſe Appearances is very evidently ſhewn by the Orrery. 


I. Of the Stations, &c. of the inferior Planets. 


We ſhall inſtance in the Planet Mercury. becauſe his Motion 

und the Sun differs more from the Earth's than that of Yenus 

des. 

When Mercury is in his ſuperior Conjunction (or when he is 

2 direct Line from the Earth beyond the Sun) faſten a String 

out the Axis of the Earth, and extend it over an * ry the 
ptic; 
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Ecliptic; then turning the Handle, keep the Thread all ü <> 
while, extended over &, and we'll find it move with ad ane 
Motion in the Ecliptic, but continually flower, until Mali ” At 
has the greateſt Elongation from the Earth. Near this Pok De 1 
on, the Thread for ſome time will lay over Mercury withou yt | 
being moved in the Ecliptic, tho* the Earth and Mercury be « Poir 
continue their progreſſive. Motion in their reſpective Qrhiq + ſtil 
When Mercury has got a little paſt this Place, we'll find — j 
Thread muſt be moved back ward in the Ecliptic, beginning — 0 
with a ſlow Motion. and then faſter by degrees, until Mary 3 
is in his inferior Conjunction, or directly berwixt the kae ne 


and the Sun. Near this Poſition of V, his retrograde Moti 
will be the ſwifteſt; but he ſtill moves the ſame way, tho cut 
tinually ſlower, till he has again come to his greateſt Elangit 
on, where he will appear the ſecond time to be Stationary 
after which, he begins to move forward. and that faſter hy d 
grees, until he is come to the ſame Poſition, with reſpe t 
the Earth, that he was in at firſt, The ſame Obſervations.m 
be made relating to the Motions of Venus. In like manner th 
different Morions obſerved in the ſuperior Planets, may bei 
explained by the Orrery. If we extend the Thread over qu 
and proceed after the ſame manner as before we did in regu 
to Mercury ; we'll find that from the time Fupiter is in Conjn 
ction with the Sun, his Motion is direct. but continually floxt 
until the Earth is nearly in a Quadrat Aſpe& with Juin 
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near which Poſition Jupiter ſeems to be Srationary : after whit — 
he begins to move, and fo continually mends his Pace et us { 
he comes in Oppoſition to the Sun, at which time his retropnlc1 7,1; 
Motion is ſwifteſt. He till ſeems to go backward. but wich ente tha 
flower Pace, till the Earth and he are again in a Quadrat Mr in ch 


ped, where Fupitcy ſeems to have loſt all his Motion; aft oving 


which he again reſumes his direct Motion and ſo proceeds ii whic 
by degrees. till the Earth and he are again in Oppoſition Meg Mot 
each other. | n to th 
| | Theſe different Motions obſerved in the Pla ears to 
Plate 5. Fig i. are eafily illuſtrated, as follaweth : The leſſer Cho! at 
3 round the Sun is the Orbit of Mercury, in which Where a 
performs his Revolution round the Sun in abaut three Moat mes h. 
or while the Earth is going through I part of her Orbit From 
from A to N. The Numbers 1. 2. 3 Cc. in the Orbit of then th 
curs. thew the Spaces he deſcribes in a Week nearly; and heir dir 
Diſtznc?s AB, BC. CD. c. in the Earth's Orbit do likewWhar be: 
ſhew her Motion in the ſame Time. The Letters A B. C, Wirth ir 


in the great Orb, are the Motions of Mercury in the Heavens. 
they appear from the Earth. Now if the Earth be ſuppol 
in 4A, and mercury in 12, near his ſuperior ConjunRion vi 


ay, Aa 
dntinu 


\ 


sun; a SpeRator on the Earth will ſee V, as if he were in 
de Point of the Heavens A; and while & is moving from 12 
) 1, and from 1 to 2, &c. the Earth in the ſame time alſo moves 
rom A to B, and from B to C, Cc. All which time J appears 
the Heavens to move in a direct Motion from A to B, and 
-om B to C, Cr. but gradually flower until he arrives near 
be point G, near which: place he appears Stationary, or to 
ind ſtill: and afterwards (tho? he ſtill continues to move uni- 
ormly in his own Orbit with a progreſſive Motion) yet in the 
phere of the fixed Stars he'll appear to be retrograde. or to go 
ackwa rds, as from G to H, from H to J. Cc. until he has ar- 
jved near the Point L, where again he Il appear to be statio- 
ary, and afterwards to move in a direct Motion from L to M, 
nd from M to N. Cc. | | | | el > 32109 
What has been here ſhewn concerning the Motions of Mer- 
. is alſo to be underſtood. of the Motions of Venus; but the 
onjunctions of Venus with the Sun, do not happen ſo often 
x in Mercury: for Venus moving in alarger Orbit, and much 
ower than Mercury, does not ſo often overtake the Earth. But 
he Retrogradations are much greater in Venus than they are in 
fury, for the ſame Reaſons. ' T 1 72415 
The innermoſt Circle repreſents the Earth's Orbit, Nx. 2. 
ivided into 12 Parts, anſwering to her Monthly 
otion: the greateſt Circle is the Orbit of Fupiter, which he de- 
cribes in about 12 Years; and therefore the Fx thereof, from 
to N, defines his Motion in one of our Years nearly; and 
he intermediate Divifions, A, B, C, &c. his monthly Motion. 
et us ſuppoſe the Earth to be in the Point of her Orbit 12, 
nd Fupiter in A. in his Conjunction with the Sun: It is evi- 
ent that from the Earth. Jupiter will be ſeen in the Great Orb, 
r in the Point of the Heavens A; and while the Earth is 
oving from 12 to I. 2, Cc. I alſo moves from A to B C. Ce. 
H which Time he appears in the Heavens to move with a di- 
ect Motion from A ro B. C. Cc. until he comes in Oppoſiti- 
n to the Earth near the Point of the Heavens E, where he ap- 
ears to be Stationary: After which, & agains begins to move 
tho' at firſt with a flow Pace) from E thro' E, H, I. to K; 
where again he appears to ſtand ſtill; but afterwards he reaſ- 
umes his direct Motion from I thro' K, to M, Cc. 


heir direct Motion is much quicker than at other times; and 
har becauſe they really move from Weſt to Eaft, while the 
irth in the oppoſite Part of the Heavens is carried the ſame 
ay, and round the ſame Center. This Motion afterwards 
ntinually ſlackens until the Planet comes almoſt in Oppoſi- 

tion 
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From the Conſtruction of the preceding Figure, it appears that 
hen the Superior Planets are in Conjunction with the Sun, 
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tion to the Sun, when the Line joining the Earth and 

will continue for ſome time nearly parallel to it ſelf 
the Planer ſeems from the Earth to ftand ſtill ; aftet 
ft begins to move with a flow Motion backward, until ihe 
into a Quartil Aſpect with the Sun, when again it vi 
to be Stationaty for the above Reaſons: After that 
reſume its direct Motion until it comes into a Con 
with the Sun, then it will proceed as above explained. 
it alſo appears that the Retrogradations of the ſuperior 
are much flower than their direct Motions, and their coun 
snce much ſhorter; for the Planet, from its laſt, Q 
til it comes in Oppoſition to the Sun. appears to move 
way with the Earth, by whom it is chen overtaken 
which it begins to go backwards, but with a low Mate 
cauſe the Earth being in the ſame part of the HeayengY 
moving the ſame way, that the Planet really does, the ag 
Motion of the Planet backwards muſt thereby be leſſened 

What has been here ſaid concerning the Motions of 

is alſo to be underſtood of Mars and Stturn. But the N 
dations of Saturn do oftner happen than thoſe, of 7 
cauſe the Earth oftner overtakes Sarurz 3 and for the ſany 
ſon, the Regreſſions of Fupiter do oftner happen than al 
Mari. But the Retrogradations of Mun are much great 
thoſe of Fupirerz whoſe are alſo much greater than t 
Saturn. 


In either of the Satellits of Jupiter or Suturn, theſe dif 
Appearances in the neighbouring Worlds, ate much oftagl 
than we do in the Primary Planets. _— 
- We never obſerve theſe. different Motions in the. Mol 
cauſe ſhe turns round the Earth as her Center ; neither 
obſerve them in the 'San, becauſe he is the Center of the 
Motion, whence the apparent Motion. of the Sun au 
pears the ſame way round the Earth. 444 


| 1 | 

Of the Annual and Diurnal Motion of the Fs 

© of the Increaſe and Decreaſe of Days and Night 
« 


SP 

The Earth in her Annual Motion round the San, ha 
Axis always in the ſyme Direction, or parallel to it felbab 
is, if a Line be drawn parallel ro the Axis while the Ban 
in any point of her Orbit, the Axis in all other Poficiow 
the Earth, will be parallel to the faid Line. This Para, 
of the Axis. and the fimple Motion of the Earth in theme 
tic, ſolves all the PhzHomena of different Seaſons. Theſe Wn 


are very well illuſttated by the Orrery. nn 


— — 


. 
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Fe put on the Dn the place of the Sun, we will ſee 
ne half of our Globe is always illuminated by the Sun, 
he other Hemiſphere remains in Darkneſs 3 how Day and 
are formed by the Revolution of the Earth round her 


from Eaſt ro Weſt, And while the Earth turns in her 
we may obſerve that her Axis always points the ſame 
ind the ſeveral Seaſons of the Year continually change. 
make theſe rhings plainer, we will take a View of the 
in different parts of her Orbit. 

n the Earth is in the firſt Point of Libra (which is found 
ending a Thread from the zun, and over the Earth to the 
c) we have the Pernal Equinox, and the un at that Time 
in the firſt Point of V. In this Poſition of the Earth, 
o Poles of the World are in the Line ſeparating Light. 
ckneſs; and as the Earth turns round her Axis, juſt one 
f the Equator, and all its Parallels, will be in the Light, 
e other Half in the Dark; and therefore the Days and 
muſt be every where equal. | 

he Earth moves along in her Orbit, we'll perceive the 
ole advances by degrees into the illuminated Hemiſ- 
and at the ſame Time, the South Pole recedes into Dark- 
and in all Places to the Northward of the Equator, the 
ontinually lengthen, while the contrary happens in the 
mn Parts; until at length the Earth is arrived in Capri- 
In this Poſition of the Earth, all the Space included with- 
Arctic Circle falls wholly within rhe Light; and all 
poſite Part lying within the Antarctic Circle, is quite 
ed in Darkneſs. In all Places between the Equator and 


lly longer as the Places are more remote from the Equa- 
n the Southern Hemiſphere there is the contrary Effect. 
while the Earth is travelling from Czpricor towards 
he North Pole gradually recedes from the Light, and the 
ole approaches nearer” to it: the Days in the Northern 
pete . decreaſe, and in the Southern Hemiſphere 
creaſe in the ſame proportion, until the Earth being ar- 
n Y, then the two Poles of the World lie exactly in the 
eparating Light and Darkneſs, and the Days are equal to 
Ights in all Places of the World. As the Earth advances 
IS Cencer, the North Pole gradually recedes from the Light, 
the Southern one advances into it, at the ſame rate; in 
rthern Hemiſphere the Days decreaſe, and in the Southern 
y gradually lengthen, until. the Earth being arrived in 

the North Frigid Zone is, all involved in Darkness, and 
th Frigid Zone-falls entirely within the Light; the Days 
5 every 


for as ſhe turns from et ro Eaſt, the Sun appears to 


1 — 20. 


— 


ric Circle, the Days are now at the longeſt. and are 
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every where in the Northern Hemiſphere are now at the h 


eſt, and to the Southward they are at the longeſt. As the 
moves from hence towards Libra, the North Pole gradually 


proaches the Light. and the other recedes from it; and in * 
Places to the Northward of the Equator, the Dun now length - 
while in the oppoſite Hemiſphere they gradually ſhorten. u the 
the Earth has got into = in which Poſition, the Days Kue 
Ar will again be of equal Length in all Parts of ur 
ria. 1 ole 
We might have obſerved, that in all Pofitions of the B 0 
one half of the Equator was in the Light, and the other bes 6 
in Darkneſs; whence under the Equator, the Days and N te 
are always of the ſame Length: And all the white the 0, or 
was going from zz: towards V, the North Pole was conſnlil. far 
----TNluminated, and the South Pole all the while in Darkneſs; .. 
for the other Half Year the contrary. Sometimes there nin, 
Semicircle exactly facing the Sun, fixed over the Middle of; ti 
Earth, which may be called the Horizon of the Disk: This hr Ane 
do inſtead of the Lamp, if that Half of the Earth whi d fro 
next the Sun be conſider d as being the illuminated Hemiſpr, ur 
and the other Half, to be that which lies in Datu wa 
Plate 6. The Great Circle V, N, T, Cc. repreſents Mir; to 
| Earth's annual Orbit; and the four leſſer Ci Y, u 
ES QC, the Ecliptic upon the Surface of the Earth. coil hegit 
ding with the great Ecliptic in the Heavens. Theſe four HI fre 
Figures repreſent the Earth in the four Cardinal Points of ih po 
Ecliptic; P being the North Pole of the Equator, and PBMWrdic 
North Pole of the Ecliptic; S P C the Solftitial Colure. es of 
is always parallel to the great Solſtitial Colure S © Mü e No; 
Heavens; E P Q the Equinodtial Colure. The other Ci in the 
paſling thro* P, are Meridians at two Hours diſtance fron Wow x 
another; the Semicircle E A Q is in the Northern Half o rh 
Equator ; the parallel Circle touching the Eclipric in 8 ü U, the 
Tropic of Cancer; the dotted Circle the Parallel of Lande; diurna 
the ſmall Cicle, touching the Pole of the Ecliptic. is the hi is ar 
Circle. The ſhaded Part. which is always oppoſite to the Wh be ec 
is the obſcure Hemiſphere, or that which lies in Dark" fee the 
and that which is next the Sun, is the illuminated Hemiſpi e we 
If we ſuppoſe the Earth in ==, ſhe'll then ſee the Sun intern | 
(which makes our Vernal Equinox) and in this Poſirigh, all thi 
Circle, bounding Light and Darkneſs, which here is 8 C and 
thro* the Poles of the World, and biſects all the Paralle| | be equ 
the Equator; and therefore the Diurnal and Nocturnal Ar ſphere 


or the Lengths of the Days and Nights are equal in all! 
ef the World. 7 | 
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| ut while the Earth, in her annual Courſe, moves thro? 
ly M7 to y; the Line S C, keeping ſtill parallel to it (elf, or 
| in tee Place where it was at firſt 3 the Pole P, will by this Mo- 
ger gradually advance into the illuminated Hemiſphere ; and 


the Diurnal Arches of the Parallels gradually increaſe, and 


until the Earth has arrived into : in which Poſition 
Pole P. and all the Space within the Arctic Circle, fall 
y within the illuminated Hemiſphere; and the Diurnal 
ves of all the Parallels that are without this Cicle, will ex- 
| the Nocturnal Arches more or leſs, as the Places are near- 


mM ws far as the Equator, where both theſe Arches are always 
153 al, | 

re gin, while the Earth is moving from y through zZ, X, 
e of BY ; the pole P begins to incline to the Line, diſtinguiſhing 
his it and Darkneſs, in the ſame proportion that before it re- 
vcd from g; and conſequently the Diurnal Arches gradually 


n, until the Earth has arrived into V; where the Pole P 
| zgain fall in the Horizon, and ſo cauſe the Days and 
hes to be every where equal. But when the Earth has paſ- 
Y, while ſhe is going thro, © and IT. Cc. the Pole B 
begin to fall in the obſcure Hemiſphere, and ſo recede gra- 
ly from the Light, until the Earth is arrived in S; in 


< Poſition, not only the Pole, but all the Space within 
d PWM Artic Circle, are involved in Darkneſs ; and the Diurnal 
. Mees of all the Parallels, without the Arctic Circle, are equal 
S 10 e Nocturnal Arches of the ſame Parallels, when the Earth 
Ci in the oppoſite Point * and it is evident, that the Days 
rom row at the ſhorteſt, and the Nights the longeſt. But when 
Fo an has paſt this Point, while ſhe is going through K. 


turnal Arches of the Parallels gradually lengthen, until the 

is arrived in =; at which Time the Days and Nights will 

= _ in all Places of the World, and the Pole it ſelf 
e the Sun. | 


ere ve only confidered: the Phænomena belonging to the 
nu bern Parallels; bur if the Pole P be made the Huth Pole, 
oh al] the Parallels of Latitude will be Parallels of South Lati- 
C ; and the Days every where, in any Poſition of the Earth, 
2 be equal to the Nights of thoſe who lived in rhe oppoſite 


ſphere, under the ſame, Parallels. 


- „ 5 
* * 


quently the Nocturnal ones decreaſe in the ſame propor- 


. or farther off from it; until the Diſtance from the Pole 


N, the Pole P wi again gradually approach the Light, and fo 
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Of the Phaſes of the 1 and of ber Motion in | 
8,17 9.7; ee | | 


The Orbit of the Moon makes an Angle with the Plane 
the Ecliptic, of above 34 Degrees, and cuts it into two poi 
diametrically oppoſite, (after the ſame manner as the Equat 
13 9 the Ecliptic cut each other upon the Globe 
Nodes. Y and ) which Paints are called the Node; 
a right Line joining theſe Points, and paſſing throy 
ho of the the Center of the Earth, is called the Line of the 
* That Node where the Moon begins ta aſcend No 
ward above the Plane of the Ecliptic, is calledt 
Dragon Head Aſcending Node, and the Head of the Dragon, and 
thus commonly marked B. The other Node, in 
whence the Moon deſcends to the Southward of the Elin 
; is called the Deſcending Nade, and the Dram 
Dragon's-Tail. and is marked UV. The Line of the Nodes cont 
ally ſhifes ir ſelf from Egft to Weſt, contrary tot 
Retrograds Order of the Signs; and with this Retrograde Moti 
Motion of be makes one Revolution round the Earth, in they 
* of about 19 Years, SW, 
The Mcon deſcribes its Orbit round the Earth in the $ 
of :7 Days, and 7 Hours, which Space of Tine 
Periodical called a Periodical Month; yet from one Conjund 
IT to the next, the Moon ſpends 29 Days and a 
Synodical. which is called a Snodica! Month ; becauſe while 
Mouth. Moon in its proper Orbit finiſhes irs Courſe, 
; Earth advances near a whole Sign in the Elin 
which Space the Moon has ſtill ro deſcribe before ſhe « 
ſeen in Conjnnction with the Sun. | 
When the Moon is in Conjunction with the Sun, note 
Place in the Ecliptic; then turning the Handle, we'll findu 
27 Days and 7 Hours will bring the Moon to the ſame Pi 
and after we have made 24 Revolutions more, the Moon 
be exactly betwixt the Sun and the Earth. f 
The Moon all the while keeps in her Orhit, and ſo the 
that ſupporrs her continually riſes or falls in a Sockets! 
changes her Latitude; the black Cap ſhifts it f 
Phaſer ue and ſo ſhews the Phaſes of the Moon, according 
Alan her Age, or how much of her enlighten d Part 
f ſeen from the Earth. In one Synodical Month! 
Line of the Nodes moves about 14 Degree from Weſt to 
and ſo makes one entire Revolution in 19 Years 
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AB be an Arch 4 the. Earth's Abit, and lau p u 
the Earth is in T, let the Moon be in N, in 
action with the Sun in 8; while the Moon is deſcribing 
bit N A EF N, the Earth will deſcribe the Arch of her 
T 2; and when the Earth has got into the Point t the 
will be in the Point of her Orbit u, having made one. 
ete Reyolution round the Earth. But the Moon, before 
mes in Conjunction with the Sun, myſt again deſexibe 
ch no; which Arch is fimilar to Ts, becauſe the Lines 
u, are parallel; and becauſe, while the Moon deſcribes 
rch #0, the Earth advances forward in the Ecliptie; the 
leſcribed by the Moon, after ſhe has finiſhed her perio- 
onth, before ſhe makes a Synodica] Month, muſt be ſome- 
greater than n 06. To determine the mean Length of a 
ical Month; find the Diurnal Motion of the Moon, (or 
ace ſhe deſcribes round the Earth in one Day) and like- 
he Diurnal Motion of the Earth; then the Difference be+ 
theſe two Motions, is the apparent Motion af the Moo 
the Earth in one Day; then it will be, As this differentia 
is to a whole Circle; ſo is one Day, to that ſpace af Time 
in the Moon appears to deſcribe a complete Circle round 
rth z which is about a94 Days: But this is not always 3 
yncrionz for the Motion of the Moon is ſamerimes faſtes 
—_ flower, accarding to the Poſition of the Earth 
Orbit, N 
ne Synodical Month, the Moon has all manner of Aſs 
ith the Sun and Earth; and becauſe ſhe is opake, that 
ff hers will only appear bright which is towards the Sun, 
the oppoſite remains in Darkneſs. But the Inhabitants 
Earth can only ſee that Face of the Moon, which is turn- 
wards the Earth; and therefore, according to the various 
ns of the Moon, in reſpect of the Sun and Earth, we 
e different Portions of her illuminated Face, and ſo a 
ual Change in her * Phaſes. rae Fab 
S be the Sun, RTV an Arch of the Farth's Plate 7. Fig. 2. 
T the Earth. and the Circle A B C D, &c. the 

s Orbit, in which ſhe turns round the Earth, in the Space 
onth; and let A, B. C. Cc. be the Centers of the Moon 
rent Parts of her Orbit. * 
if with the Lines 8 A, SB, Cc. we joyn the Centers 
Sun and Moon. and at right Angles to theſe, draw the 
O; the ſaid Lines H O. will be the Circles that ſeparate 


fe of the. Moon, are thoſe different Appearances we obſerve in her, ac- 
to her Poſition in ręſpect of the Sun and Earth 
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the illuminated Part of the Moon, from the dark and ohſcu 


Again, if we conceive another Line I L, to be drawn at rig 
Angles to the Lines T A, T B. Ce. paſſing from the Center 


ch her, 
vards {| 
ſes to | 


the Earth to the Moon, the ſaid Line I L will divide the ij ( 
ble Hemiſphere of the Moon, or that which is turned thy 
us, from the inviſible, or that which is turned from us; wil, _. 
"this Circle may be called the Circte of fan. In Cal 
Fall Mos. Now it is manifeſt, that whenever the Moon Fs when 
in the Poſition A, or in that Point of her 0:8" Thu 
which is oppoſite to the Sun, the Circle of Viſion, ant of the 
Circle hounding Light and Darkneſs do coincide, and all t ms 
| IMiumijnarted Face of the Moon is turned towards the Earth, en, - 
15 vifible to us; and in this Pofition the Moon is ſaid to let 5 
full. But when the Moon arrives to B, all her illuminatel wy”) 22 
is then not towards the Earth, there being a Part of it, f} - — 
not to be ſeen by us; and then her viſible Face is defi , tuen 
from a Circle, and appears of a gibbous Form, as in B. by; Wi _ 15 
Again, when ſhe arrives to G, the two forementioned Cir py Nan 
cut each other at right Angles, and then we 005 4 
Half Moon. ſerve a Half Moon. as in C, Fg. 3. And again. t %% 
illuminated Face of the Moon is more and 9 1 10 8, 
turned from the Earth. until ſhe comes ta the Point Fr bt | 
the Circle of Viſion: and that bounding Light and Darin * 7 
do again coincide. Here the Moon diſappears. the illumiu 7 ls 
Part being wholly turned from the Earth; and ſhe is nor ff © © 
to be in Conjunction with the Sun, becauſe ſhe is in the ſane! — 
; rection from the Earth, that the Sun is in, wii — 
New An. Poſition we call a New Moon. When the Noon! % a 
arrived to E, ſheagain reſumes a horned Figun 3 
her Horns (which before the Change were turned Weſt Wa ** 
have now changed their Poſition, and look Eaſtward. Wh 3 
ſhe has arrived to a Quadrat Aſpect at G. ſhe'll appear bil | . - 
like a Half- Moon; afterwards ſhe'll ſtill grow bigger, untl - 72 
laſt ſhe comes to A, where again ſhe'l} appear in her full$lt rele 
dor, | _ 
The ſame Appearances which we obſerve in the Moon, 3 by 
likewiſe obſerved by the Lunarians in the Earth; our Earth Ne 5 al 
ing a Moon to them as their Moon is to ds; and wet eauent 
ſerved by them, to be carried round in the ſame ſpace of Tit Fo ob 
that they are really carried round the Farth. But the ſat It. by be 
Phaſes of the Earth and Moon happen when they are in 1 08g.” xd 8 
trary Poſition; for when the Moon is in Conjunction to. Ring on 
the Farth is then in Oppoſition to the Moon. and the l 10) not 
rians have then a full Earth, as we in a ſimilar Poſition ha! 28 


full Moon. When the Moon comes in Oppoſition to the? 
the Earth ſeen from the Moon, will appear in Copjun® 
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< her, and in that Poſition the Earth will diſappear; af- 


zards ſhe'll aſſume a horned Figure, and ſo ſhew the fame 
ſes to the Inhabitants of the Moon, as ſhe does to us. 


Of the Ecigſes of the Sun and Moon: 


n Eclipſe is that Deprivation of Light in a Plas Sehe 
when another is interpoſed betwixt ir and the 
d. Thus, an Eplipſe of the Sun is made by the Interpoſiti- 
of the Moon At her Conjunction; and an Eclipſe of the 
jon is occaſioned by the Shadow of the Earth falling upon the 
on, when ſhe is in Oppoſition to the Sun. 
let s be the Sun, T the Earth, and A B Cits Sha- Fx 4 
z now if the Moon, when ſhe is in Oppoſition 
the Sun, ſhould come into the conical Space A B 
then be deprived of the Solar Light, and ſo Tam 
ergo an Eclipſe. Eelipſts 
In the ſame manner when the Shadow of the Moon falls up- 
the Earth (whith can never happen but when the Moon is 
Conjunction with the Syn) that part upon which the Sha- 
vfl will be involved in Darkneſs, and the Sun 
lipſed, But becauſe the Moon is much leſs than S. 
 Farth, the Shadow of the) cannot cover the @#Ecbzſe 
ole Earth, but only a part of it. Let $ be the Fs 5 
n, T the Earth, AB C the Moon's Orbit, and I. | 
Moon in 22 with the Sun: Here the Shadow of 
Moon falls only upon the part D E of the Earth's Surface, 
| there only the Sun 1s entirely hid; but there are other 
s E E, DG, on each fide of the Shadow, where the Inha- 
nts are deprived of part of the Solar Rays, and that more 
leſs according to their Diſtance from the Shadow. Thoſe 
olive at H and I. will ſee Half of the Sun Eclipſed + but 
the Spaces E M, G N, all the Sun's Body will be viſible with- 
t any Eclipſe. From the preceding Figure, it appears, that 
Eclipſe of the Sun does not reach a great way upon the Su- 
icies of the Earth: but the whole Body of the Moon may 
detimes be involved in the Earth's Shadow. $44 
The ) alſo being an opake Body, and enlightned by the © 


O) not being eaſily perceiv'd by us: the Defect of Light = 
r to us as in the © it ſelf, and is therefore call'd an Eclip — 


ts e Bye pin ef 


df ©, which is diſtinguiſh'd into a Total Eclipſe, Whetehn | 
D covers the whole body of the © from'us, or a partial ft 
wherein the D covers only a part of the O. -7 1.4 
But it is to be obſerved, that altho' an — pa © be in 
lity an Eclipſe of the Earth, yer what is call'd a total i 
of the © is not to be conceiv'd in reality as a total Fj 
of-the Earth, or that the whole upper and oppoſite Hemiſyly 
of the Earth is then deprived ot the Sun's Light, as in a tt 
False of D its whole oppoſite Hemiſphere is darkged; 
rea ſon of which difference is this) the Earth being bigger 
the D, the Cone of its Shadow is big enough to invohe 
whole oppoſite Hemiſphere of ) in its darkneſs; heren 
D. being leſs than the Earth the Cone of her Shadow will 
volve at onte only a ſmall traglgt. 
Although the Moon ſeen from the Earth, and the Earth { 
from the Moon, are each alternately once a Month in d 
junction with the Sun; yet by Reaſon of the Inclinatia 
05 the Moon's Orbit to the Ecliptic, the Sun is 
#iz. 6. FEclipſed every New Moon, nor the Moon at 
2 Full. Let T be the Earth, D T E an Arch oft 
Ecliptic, A L B F the Moon's Orbit, having the Earth Tii 
Center; and let AG B C be another Circle coinciding 
the Ecliptic, and A, B. the Nodes, or the two Points vl 
the Moon's. Orbit, and the Ecliptic cut each other A the 
cending Node, and B the deſcending Node. The Angle 6 
equal to G 3 L is the Inclination of the Moon's Orbit u 
Eeliptie, being about 54 Degrees. Now a Spectator from 
Earth at T. will obſerve the Sun to move in rhe Circle | 
BC, and the Moon in her Orbit ALB E; whence it it 
dent, that the sun and Moon can never be ſeen in 16 
Line from the Center of the Earth, but when the Moon 
one of the Nodes A or B; and then only will the Sin ip 
centrally Eclipſed. But-if the Conjunction of the Moot 
pens when ſhe is any where within the Diſtance Ac 
Nodes either North or South, the Sun will be then Eclipſed, 
or-leſs according to the Diſtance from the Node A, orb 
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the Conjunction happens when the Moon is in b, the 8e eli! 
de then one half Eclipſed ; and if it happens when ſhe ze Orrer 
the Moon's Limb will juſt touch the Sun's Disk. withon #5d tt 


ding any part of it. es, inſte 


If the Lunar Orbit coincided with the Ecliptic, every ment 
on would exhibit two Eclipſes one of the ©. the other 1 lee wh 
D the former at the New b the other at the full ); ſo ia or 
there would be no New ) nor full without an Eclipſe; the Eart| 
not only fo, but theſe Eclipſes would be both of them 1 * 0 

8 0 


Aud Central. Nay the ſame Numbers which would have l 


upon t 


1 


28 an 
Eclir es yu "oy - 2 a p . . 17 « OP 
kit from dtifideriti the Arm! Motion of the arid the Ar 
which the Mois Orbit niakes. with fe FeliSthe e 
e cintiöt he u Eelipfe at every Chinye of Full ee | 
karth and 20 th s Shadow: Figs ls in rhe plane of 
Eclipticz fihce both © arid Fitch Are Always there, rhe 
ets or Eclipſes only can happeti When the” tur CUnjun 
or Oppoſitions are. found in or about the Nodes, that is, 
n the Conjunctions are within 16. 26 and the Oppoſitions 
within 129. 34* of either Node before or after. 


4 


interſects it, is three times as large as the Moon's Diameter 
n Hg. 4. and therefore it often happens that Eclipſes of 
Moon are Total; when they are not Central: and for the 
e Reaſon the Moon may ſometimes be totally eclipſed for 
Hours together; whereas Total Eclipſes of the Sun can 
ely ever exceed four Minutes. | | 
Total and Central Eclipſes of the J the Duration is found 
de ſo long, as to let the ) go the Length of three of its 
meters in the Shadow totally eclipſed ; which ſtay in the 
h's Shadow is computed. to be about four Hours whereof 
) takes one Hour from its beginning to enter the Shadow 
win immerſed therein; two Hours mote The continites 
ly Datk, and the fourth Hour is taken. up from her firſt 
inning to come out of the Shadow, till ſhe is quite out of 
but the Eclipſe of the © laſts not ſo long, its ſeldom in 
one place exceeds 24 Hours, and in total Darkneſs, never 
re 5 Minutes, ſcatce 4 of 3 ſuch will happen in the Com- 
of an Age; becauſe the point of the Y's Shadow reaches 
2 little beyond the Earth, and ſometimes does not reach 
Earth at all; alſo the apparent Diameter of the) does 
ery little exceed the apparent Diameter of the ©, that 
ls it be in central Eclipſes. which are rare and unuſual, the 
annot wholly cover and hide the Body of © from us. 
je Eclipſes of the Sun and Moon are very well explained 
the Orrery: thus, Having put the Lamp in the Place of the 
and the little Earth and the little Moon in their propef 
es, inſtead of the larger ones; let the Room wherein the 
ument ſtands be darkned ; then turning the Handle about, 
il ſee when the Conjunction of the Moon happens. When 
in or near one of the Nodes, her Shadow will fall up- 
the Earth, and ſo deprive that part npon which it falls of 
Light of the Sun: If the Conjunction happens when the 
In 15 not near one of the Nodes, the Light of the Lamp will 
upon the Earth, either — or below the Moon, accord- 
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e Shadow of the Earth at the Place where the Moon's Or- 
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The Deſeription vf &c. 
P ; | 
ing to her Latitude at that Time. In like manner, when. 
fall Moon happens near one of the Nodes, the Shadow of li 
Earth will upon the Moon; and if the Moon's. Latity 
be but ſmall, her whole Face will be involved in Darknd 
At other times, when the full Moon happens when ſhe i; f 
near one of her Nodes, the Shadow of the Earth will paß 
ther above or below. the Moon, and ſo. by that mean; | 
Moon will eſcape being eclipſed. © 
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HE Sight of Man is af it ſelf confined to nar: 
row Views, and tho? it takes in a great Part of 
the Creation at once, yet all is repreſented in 
Miniature and imperfectly. The naked Eye ſees 
only ſo much af external Objects, as is ſufficient 
to move the principal Paſſions, and give notice 
t more immediately concerns the Safety and Happineſs 
Animal. What is more than this, was left as a Subject 
Curioſity, upon which we might exerciſe thoſe Facul- 
ich are beſtowgd by our bountiful BenefaQor, for this 
nd, of ſearching into the-aſtoniſhing Mechaniſm of all 
orks, and from thence enlarging our Idea of his Great- 
Objects placed at a great Diſtance whether upon the-Sur- 
the Earth, or. in the Heavens are ſeen under ſo ſmall 
zle, that their parts ; are not to be diſtinguiſhed one 
other; and by this means thoſe diſtant charming Scenes 
re were hid from us, which the Study of Cutoptric and Diop- 
ſince laid open to our View. This noble part of Know- 
aches us how by a due Poſition of Glaſſes ground into 
Figures, we may enlarge the Diameter of the Heavenly 
and all ſuch Objects, to which we are allow d no nearer 
ch, in what Proportion we pleaſe, and view them as per 
T 3 fectix 
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140 be Dgſoription and Uſe 

fectly and diſtinctly as if we could ſummon them before 
and command them 1. che End of our Teleſcope : This 
brought us into 2 perfect Acquaintance. with theſe ſurprizi 
Parts of the Creation, which are far ſeparate from this Gld 
of ours, and with which we. are allow'd no Commerce, | 
Looking. We cen now percgiye the Sun to be a vaſt Globe, 
Fire, and by the different Phaſes of all the Planets, that he is 
Fountain of all their Light. The $urfaces of moſt of them 


ext like for myny Me of Water; and there are fi 
— bur allow d de lebe e ſome nobler 

than to twinkle upon us in the Night. By fixing upon ſome! 
markable Spot upon their Surfaces, and obſerving how th 
ſhift their Poſition, and in what time they again return! 
the ſame Place, we determine the Motion af theſe Bodies rou 
their Axis, and the time in which that Revolution is perforn 


Several Seapndgry Planes or cit., Which were goo fmygtl for 
Naked Hy are nag difern te move xgund. 19 * 
=s the Magp raum gur Eazth ; and ahaut the leſt af they 
ſeen the particular Phænomenon of an Annulu or 1 
prodigious Uſe and Advantage for their Eclipſes ha ve determit 
12 Velacit of Light and are Io frequent, as to be the moſt c 
ant 539 — the Heavens afford us at preſent for the 
tion of the Great, and Valuable Problem of the Longitude. 
DPiſtatices, Magnitudes and Motions of all che Heayenly Bok 
and even the 7 D, have by this meags be 
o nicely abſerv d. and by the Power of Numbers, gedut 
within Tome few Tables for common and eaſy Uſe that th 
Places for any determinate inſtant of Time to come, axe i 
neee moſt 


as exactiy as we co 


- Gatileusa Borentine. about 2645 firſt invented and applied | 
Teleſcope. to the Diſcovery of Celeſtial Objects; by which 
beheld the 4 Moons or Satellites of I the different Phaſes 
'H, and the inereaſe and decreaſe of N, that the ) s Disk! 
like our Eartk rifing with Mountains, and depreſt into Val 
and Sezs; that the © had his Spots whereby he evinced its! 
2 its own Axis. and that the is Ladea was noth 

ut a multitude of ſmall gtars all of the fame ſort or kind, 
ſince his time both Aftronomy and Geography have from # 
Glaſſes received many particular Advantages, and Diſcos 
For by che west ut Teleſropes, eſpecially uch a5 mags 

For by the means 'eleſcopes, eſpecially ſuch as magn! 
the Diameters of Objects 100 — times we u ill fee the Þ 
the ſame Manner Figure and Bigneſs, as it would appear in 


8 Niſtance 100 or 200 times leſs chan ours; by tha lame ml 
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Se fare Wit or two th part to . - 


and 9 benz we can behold the 
1 21245 the 


1 roper Axes. . Moons | 
Jai of Þ ae che wonderful kes. . 
ng 
e variqus Appearances and ſhapes it takes 


; the a In e y y whcy we obſerye the Magni: e 
love 8 Hepyenly Bodies, and hence 
rogortional Di 


is bY w reckon -- o no 1 aan otian to — te fur 
ny Suns; pro t as great Diſtances one 

other, as a ty 2 W Nom us eps. one their Syſtem of in= 
jabited Planers decking round them. And perhaps the Number 
f thoſe we ſee nds bear little or no —— > ha others 


ut may be di ſperſeg ſt Regions of N 8 
+ Diltanos om ur 5 Aſiiance an yer 
* to # bg 11 Tew fotion that gives, ſurely the 
e 0 and n 8 t the Mind of Man can eg- 
rain of an Almight Author. at the Milky-ay. in; the 
Jeavens, which we. in a clear Star-light Night, 1s porta 5 
ſe, but a Foptinued Cluſt ot Res d Kar (as aforeſaid,) is 
th of which we are aſſured by the Teleſcope i; and to the ſame 


, 77 


lp it is we owe all we know of theſe Heavenly bodies call'd 
ae ; their , Magnitude and Motion round the Sup, 
n ſuch eccentric! Onhits, as ſome of them come very near 25 


1 Lines. To what a ſurprizing heighth this Cometica! Aſtrauo 

been carried by the 1 en the © Ob. 
ervations we bone been-able to n. theſe Bodies are 
few, and thoſe made by our arm ors ſo imperfect, may 
e ſeen in the Writings of thoſe incomparable Aſtronomers, Sir 
« Newton, Doctor Gregory Gregory, and d Doctor Haley: That in every clear 
orning and Ey we ſee the gun for ſome time before he 
iſes, and aer be oy is a Paradox only to be unridled , 
iperics; and if we would know the true Mace of any Heavenly 
body, — not * y degrees ahove the Horizon, the fan 
eience tells us, t , Seeing, 15 not but that we mu 
orrect our Eyes or | a Table of Refra#tiogs. Iris true, the Kino 


eee of 82 8 171 N near the Horizon: does nat 
ddſerve a conſtant cauſe there happen ns a Very Breve 
Viriety in the Accumulations of Vapours about theſe Pa 1 oe 
But then this Variation depends pretty regularly upon 
Potion of the Sun, above or below the Horizon, and hy 
erent State of the Weather, and if in the Morning or Eve 
ve ſee the lower parts of a diſtant Tower or Mountain, 


thr 
Teleſcope fixed in Poſition, we ſhall find the upper 21 


JT Gen 


the 


— — —— > — — 
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the-ſame Tower or Mountain in the ſame Place, if our'obk 
vations be made nearer Noon, and juſt at Noon, the ſame( 
ject will be ſeen loweſt of all, as the accurate Huygens has obſeryf 
and this Difference is greater in cold, and moiſt than in 
and dry Weather, and tho“ not in à Proportion always's 
rain, yer conſtant, enough for Phyfical "Purpoſes. In thi 
without the Aſſiſtance of Teeſcopes, Aſtronomy could have comet 
nothing, and our Obſervations on the Heavens, had gone li 
further than — 2 a fine Morning from the ſetting 
the Sun; or a Shower of Rain from the Courſe of the Clal 


IL Of the Conftrudion of the Aftronomiaal Tf 
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' a re 
ſs wh 
.Glaſ 
gnify 
© 

drter | 
aſs, as 
ject· O 
long 
make 


ver Objects at a Biſtance; the Invention of which is 
e nobleſt and moſt uſeful theſe Ages have to boaſt of; 
Means hereof the Wonders of the Heavens are diſcover d tog 
and Aſtronomy brought to a Degree of perfectipn, Which i 
mer Ages could have no Idea of. © The Qttic Gee . 
on Teleſcopes are founded, are contain d in Euclid, and it 
For want of Attention thereto, that the World was e Ie 
without that admirable Invention; às no doubt rhe in 
reat many others lying hid in the ſame Principles, only wil 
he for Reflection pr Accident to bring them fort. 
* Teleſcopes are either Refrafing or e. "Refraffing Trlefeapi act Ba 
of ſeveral Kinds, and are diſtinguiſhed by the Number Im 
Form of their Jens or Glaſſes, and denominated from thy dd con 
particular Uſes, Gg. Such axe the Terreſtrial or Land Teleſopun an 
and Cceleftial or Aſtronomical Teleſcopſe. Pe. 
If a Teleſcppe' conſiſts only of ber Qbject _ pearar 
an Eye-Glaſs of a much greater Convexity than the tion; 
Glaſs is, then will 495 1 8 Magnitude of the Object e 
through that Teleſtb pe, be to the Object ſeen by the nil 
Bye at the Station of the Object-Glaſs, as the Focal Lengti! 
the Object-Glaſs to the Focal Length of the Eye:Glaſs. Tit 


| ; | | 1529 FBI 7 5 nn 
8 \ Teleſcope is an Optic Inſtrument which ferves to” drive 2 


. But 
cope, 1 
x Glaſs 
ear the 


in Plate 8. Fig. 1. let A B repreſent” the Object · Glaſ e of 


ſuppoſe irs Focal Length H d 12 Foot or 144 Inches. and to | 
Eye-Glaſs repreſented by c. D, irs Focal Length 3 Tnches; the * 
| — 


the apparent Diameter of the Object, ſeen through ſuch 11 
leſcope to that ſeen through the naked Eye, will be as 144 


* 
THC TEA * 
* 


or as 48 to 1, wherefore ſuch a Teleſcope. Will be ſajd to Mole wh 
nify 48 times, and its Surface 2304 times (i. r. the Sat Ad pa 
s 7 41 W-- 377 Oey A f e 


Wherefore if the ſame Object · Glaſs be combined with an Eye- 
{ whoſe Focal Diſtance is 1, and at another time with an 
.Glaſs whoſe: Focal Diſtance is 2, the former Teleſcope will 
gnify twice as much as the latter. Alſo, if two Teleſcopes 
e different Lengths, and the Focus of the Eye-Gtaſs of the 
rter be in the ſame Proportion to the Focus of irs object- 
aſs, as the Focus of the Eye-Glaſs of the longer bears ro its 
je-Glaſsz then thoſe two Teleſcopes will magnify atike. But 

long Teleſcopes are of very great Uſe, and it A im poſſible 
make ſhort ones perform as well: For, 


oObject-Glaſſes of a ſhorter Focus will not bear Eye· Glaſfes 
pportionably ſhort without colouring the Object, or ren- 
ng it dark and obſcurmee. 1 
or Inſtance : Suppoſe a very good 12 Foot Object. Glaſs will 
eiye an Eye - Glaſs of no ſhorter Focus than 3 Inches, with 
Werneſs and N yer, however, an Object-Glaſs of 24 Foot 

s, equally good, will bear an Eye-Glafs of leſs than 6 
ches Focus, (perhaps of 4 or 5Inches Focus) with equal Clear- 
ſs and-Diſtinneſs ; and then, tho an Obje&-Glaſs of 12 Foot, 
th an Eye-Glaſs of 3 Inches, will magnify but 48 times, as 
above proved, yet an Object. Glaſs of 24 Foot, with an Eye« 
ifs of 4 Inches, will magnify 72 times, which is aboye one 
hird more than the former. | 


2. The Image of the Moon; or any other Object, in the di- 
n& Baſe of an Obje&-Glaſs of 24 Foot, is twice as long as 
— of the diſtinct Baſe of an Object - Glaſs of 12 Foot; 
d conſequently the Image in the former will be much more 
ain and diſtin, Hence may be concluded alſo, that if the 
diect⸗Glaſs be formed on a leſs Sphere than an Eye:Glaſs, the 
pearance of Objects will be diminiſhed in the aforeſaid Pro- 
tion 3 as is plain by the Cafe, when a Telefcope is inver- 
. But for a more particular Conſtruction of the ſame Te- 
(cope, let A B as before (Plate 8. Fig: f.) repreſent the Con- 
x Glaſs next the Object C D, the other Glaſs more Convex 
r the Eye, Su the Object-Glaſs A B to form the I- 
ge of the Object at E E, ſo that if a Sheet of White Paper 
to be held in this Place, the Object would appear. Now 
ppoſe the Rays, which paſs the Glaſs A B, and are united a- 
but EF, to proceed to the Eye-Glaſs CD, and be there re- 
nated : Three only of theſe Rays are drawn in the Figure; 
hoſe which paſs by the Extremities of the Glaſs A B. and that 
ich paſſes its Middle. If the Glaſs CD be placed at ſuch 2 
iltance from the Image E E, that the Rays, which paſs by ths 
eint E, after — proceeded through rhe Glaſs diverge 6 
I | much, 


. 


* co P E. 


\ Land or Day Teleſcope confiſts of more than two Lens's, 
commonly of a Conyex Object Glaſs, and three Convex 
n of it, thus. 2h 

Having provided a Tube, fit in an Object-Glaſs, which is. ei- 
zer Convex on both Sides, or Plano-Convex, and a Segment 
f a large Sphere: To this add three Eye-Glaſſes, all Cogvex on 
th Sides, and Segments of equal Spheres, dif poling then in 
ch manner as that the Diſtance of any Two may be the Sum 
f the Diſtances of their Foci: Then will an Eye, applied to 
e leaſt Lens, at the Diſtance of its Focus, ſee Objects very di- 


e Focus of one Eye-Glaſs, Plate 8. Fig. 1. to the Diſtance of 
e Focus of the ObjeQ-Glaſs. | | „ 

fror. The Rays falling upon the Object-Glaſs parallel, the 
rige of the Object will be repreſented inverted at the Diſtance 
__ be principal. Focus; wherefore, ſince this Image is in the 
cus of the firſt Eye-Glaſs, the Rays, after a ſecond Refraction, 
ill become parallel, and thus falling on the third Lens, after 


at is, a direct Image of the Object: Since then this Image is 
1 the Focus of the third Eye-Glaſs, the Ray, after a fourth 
efraction, will become Parallel, and in this Diſpoſition th 
ye will receive them, and conſequently there will be diſtin 
ion, and the Object will appear erect. | 


hat is the Obje&-Glaſs as poſited in this Teleſcope inverts : The 
hat is the firſt Eye-Glaſs does nothing towards erectiq or rexerfig 3 
ut repretents the Image, as it is in The diftin Baſe of the O 
&-Glaſs before it, that is invertell. £3, Glaſs erefs, or 
her reſtores what was before inverted. . The 4th, repreſents the 
mage as it receives it from the diſtin Baſe of the 3d, that is 
> becauſ#ir- inverts in the za what was inyerted in the 
irſt. 


The Rays of Viſion, meeting in a. Point before they reach the 
etina in the Bottom of the Eye cauſe a confuſed Viſion, the 


h 1 1 fuck, a8 * Publ, which is help'd by Concave-Glaſſes, 
ry holding the Object very near. ny O22 | 

on the 9 the Eyes of Old Men, have their Chry ſtal· 

ne too flat, and cannot correct the Divergence of the Rays 


| to make them meet on the Betis: 3 but beyond the rere 


f TELESCOPES. 1 + 
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re-Glaſſes, by which it exhibirs Objects erect: The Conſtructi- 


inctly erect and magnified in the Ratio of the Diſtance of 


third Refraction, they exhibit the inverted Image invertedly, 


Or as Molinewx obſerves, p. 206 Dioptrien. That one Su | 
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ther may be ſufficient to make the Rays meet juſt at the Reti 


What is here done by Tryals, may be effected by actual Me 


The Deſcription and Uſe. WW 


fore; for their help, tis requiſite they add the adventiti 
Convexity of a Glaſs, that both it, and the Chryſtalline top 


II. 4 


and from thence it appears, that Spęctacles help Old Men, noth 
magnifying an Object; but by making its Appearance diftin#: 
old Perſons cannot read the largeſt Print without Spectach 


and yet with Spectacles they read the ſmalleſt, tho, M Make 
with Spectacles do not appear ſo large, as thoſe without Mdmit ! 
., Ctacles. | dbje&-C 
| e. cher 

IV. %6 Know whether Glaſſes be Plane or Spherical”, 


en W1 
eet, V 


Shake them ſomewhat nimbly, between the Eye and O»˖ ill of 
and if the Object ſeem to move by the Motion of the G pon th 
the Glaſs is not plane, the reaſon hereof is this, that toi eir n 
the Extremities of a Glaſs, it refracts more than towards Might. 2 
Middle, and that Glaſs, which makes the Objects ſeem the nd A. B. 
to move is form'd on the Leſs Sphere, whether Conyers nfuſe⸗ 
Concave. | 8 a pro 

| os 0 * 
V. To Combine, or put together à TE IE GO 


acute 
of four Glaſſes. | thin 
. : d Mag 
Take the 2 Firſt Eye-Glaſſes, and Combine them by T 
ſo as to make a diſtin& inverting Teleſcope. - 
Then take the Obje&-Glaſs, and firſt Eye-Glaſs, and by Thu 
. combine them likewiſe. - | | 
Laſily, take both theſe Teleſcopes, and without altering i 
Diſtances of their Glaſſes in either of them fingly by 
83 — 1 theſe Teleſcopes, till the Appearance be 
and diſtinct. | 5 


ſuration or defigning out the Diſtances of the Glaſſes in 
each other by knowing their Focal Lengths. | 


VI. To find the Foci. of Glaſſes. 


If of pretty deep. Convexities, apply them to the End of 
Scale of Inches and Parts, and expoſe them before the Sun, i 
upon the Scale we ſhall find the bright Interſection of the h 
exactly meaſur'd out. Or expoſe them in the Hole of a at 
Chamber, and where a white Paper receives the diftin# Rept 
ſentation of diſtant Objects, there is the Focus of This Gil 
This is an univerſal and certain way for all Conygzes. | 


of TELESCOPES. 1% 


II. The Wonderful Painting by means of an Objedb-  |þ 
Eds | | | 


Make choice of a Room with a North Window ſo darkn'd, as to  -MR 
admit no Light to come in. ſave at the Hole, wherein fix the ; 
bjet-Glaſs of a ſeven Foot Teleſcope, behind which let no Glaſs 

e, then in the dark Room move a Sheet to and fro, till you 

nd the Out. Object appear diſtin, there faſten it to the Cieling 

en will wharever 1s without the Hole be repreſented on that 

eet, with ſuch exquiſite Exactneſs, as far ſurpaſſes the utmoſt 

ill of any Painter to expreſs ; for if the Sun ſhine brightly 

pon the 3 have the Color of all things there in 

eir natural Paint, and ſuch an admirable Proportion of 

ight. and Shadow, as is impoſſible to be imitated by Art. 

NB. Let not the Sun Shine near the Hole, elſe all will appear . 
dnfuſed. . Hereby their Motion is repreſented, as well as Color 

d Proportion, Poſtures, Geſtures, as lively on the Cloth, as 

d any ones Eye without, only they will be all inverted, which 

rectify, Hold a Looking-Glaſs over againſt the Sheet, with 

acute Angle to your Breaſts, and look down into it, an 

| things appear Natural and Ere&, like ſo many Walking 


d Magical glaring Spectres. | 
VIII. That Light is a Body. 


Firſt appears, by this Affection of being Refracted, and that 

its paſſage thro* this, and tother Diaphanous body, it does | 
pd a different Reſiſtance, now tis unconceivable, how \'any - ++ 
ling but Body, ſhould ſuffer Reſiſtance ; becauſe Reſiſtance muſt 

oceed from contact of two Bodies, and contact either Active 

Paſſive, belongs only ro Body according to that of the Bhilo- | 
phic Poet, (Lucretius) Tangere enim & tangi nift Corpus nulla poteft res. Chr” "hg 
2y. It requires Time to move from one ** to another. 
d does not in an Inſtant; but is only of all Motians, the Wy: 
uickeſt, requiring about 7 min. to paſs from the Sun to us. 

4% Light cannot by any Art, or Contrivance whatſoever, 


of WF ©ncreaſed or diminifhed, (that is to ſay) we cannot Magnify, 
laoſtance, the Light of the Sun. or a Candle, no more than 
an magnify a Cubic Inch of Gold. or make it more than 
obic Inch. But whenever we ſee Light increaſed tis by 


bing of ſome other part of the Medium of its Light, or 
' bringing the Light that natyrally ſhould have beep diffuſed 
o ſome other part to the more enlightned Place, The 

U3 | | 8 


" A TABLE for Teleſcopes. 


The Focal The Diameter of | The Focal Diſtance | 
Diſtanceof the Aperture; of the Ocular 
the Object] of the Object] Lens. h 
Lens, or the] Lens. 

Length of 
the Tce ſcope. 
— — — 25 — * r 
Rhinland Feet. | Inches, & Decimals. Ince, 2 ” Decimals 
I, . | 0,55. a 0,61. — 
2. 0,77» | 0,8 Fo 
3 ; 0,95. 1,05. 
. 4. 1,09. 1, 20. 
5. 1,23. | I,35- 
6. ö 1,34 1,47 · 
7. 1.45. 1,60. 
8. 1,55. 1,71. 
8 1.64. 1,80. 
10. 5 1,73. 1,90. 
13. 1,97. 2,17. 
15. 2512. 2,330 
20. 2,5. 2,70. 
25. 2,74 3701. 
75 30. 300. 3530. 
35. 3524 3,56. 
40. | 3 46. 3,b1. | 
45 3.67. 4,04» FEM 
Jo. 3,87. 4.26. 
55. 47,06. 4,7 a 
— — — Ly 
60, 4,24 4,66. 
65. 4,42. 4,86. 
70. 4,58. 5504 
FALK 4,7 4+ 5521. 
80. 4,90. 5539. 
1 5g. $356» 
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Jo find in what Proportion the Planets are Fug 
| lightned by the SU N. | | 


Famous M. Azout, uſed to enlighten an object in what 
portion he. pleaſed, by applying à great Object-Glaſs b 

„ call d a Planetary one; becauſe that by it he ſhew'd the Dif- 
nce of Light, which all the Planets receive from the ©; by 
king uſe of ſeveral Apertures, Proportionate to their Di- 
ces from the ©, provided that for every 9 Foot Draught, 
thereabout one Inch of Aperture be given for the Earth. 
hence he obſery'd, thag.the Light which Mercury receives is 
enough from being abs to burn Bottles, and yet the ſame 
ht is great enough in H to ſee clear there; ſeeing that it 
ears greater in h, than it doth upon our Earth, when it 
vercaſt with Clouds; which would ſcarce be believed, if by 
ans of this Glaſs it did not ſenſibly appear ſo. 


To make the Pidture of any Thing appear in 4 
Light Room. "Wo 


poſite to the Place of Wall, where the Apparition is to 
let a Hole be made of about a Foot in Diameter, or bigger, 
here be an bigh Window, that hath a Caſement in ir, 'twill 
0 much the better. 3 5 
Vithout this Hole or Caſement open d, at a convenient Di- 
ce, (that it may not be perceived by the Company in the 
dm) place the Picture or Object to be repreſented, in an in- 
ed Order, if poſſible, and by means of Looking · Glaſſes placed 
ind, if the Picture be tranſparent, reflect the Rays of the 
ſo as that they may paſs thro' it, towards the Place where 
to be repreſented, and to the End, that no Rays may paſs 
des it, let the Picture be encompaſs'd on every Side, with 
ard or Cloth. © + | SV, 
the Obje& be a Statue, or ſome living Creature; then it 
be very much enlightned by caſting the Sun-beams on it, 
Nefraction, Reflexion, or both. — _- 7 | 
tween this Object, and the Place where it is to be wee: 
, there is to be placed a broad Convex-Glaſs ground of 
2 Convexity, as that it may repreſent the Object diſtin 
the ſaid Place, which any one that hath Inſight in Opricy, 


 eafily direct. 


habe Sha fs + 5+ n Nen 
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The nearer it is 2 to the Object, the more is the 
magnified on the Wall. and the further off, the lefs, whid 
verſity is effected by Glaſſes of ſeveral Spheres. I 
If the Object cannot be inverted (as tis difficult to dog 
Living Animals, Candles, c.) then there muſt be two large 
of convenient Spheres, and they placed at their appropri 
' Diſtances (which are eafily found by Tryals) ſo as to ma 
Repreſentation erect. as the Object. N 
Theſe Objects Reflecting and Refrafing Glaſſes, and the 
Apparatus, as alſo the Perſons employ'd to Order, Change 
make Uſe of them muſt be placed without the ſaid high 
dow or Hole; ſo that they may not be perceived by the 
ctators in the Room, and the Wie Operation will bee 
perform d. 12 2 
Whatſoever may be done by means of the Sun- ben 
the Day-Time, the ſame may be done with much more 
the Night. by the help of Torches, about the Lamps, or d 
bright Lights placed about the, Objects according to the 
Sorts of them. | ö 


XI. Concerning Teleſc: 5 where the Eye-Gli 


cave. 


2. When the Eye-Glaſs is concave, the Effect is founded 
the ſame Principles, as in the Cqnyex. The Diſtin&neſs of 
Appearance is procured in the ſame Manner; But here thel 
Glaſs CD (in Fig. 2.) is placed between the Image EF, 
the Object Glaſs-A B : By this means the. Rays. which 
from the Right Hand Side of the Object, and proceed tc 
E the Left Side of the Image, being intercepted by the! 
Glaſs, are carried to the Left Side of the Eye; and the 
which come from the Left Side of the Object, go to the! 


Side of the Eye; ſo that the Impreſſion in the Eye heing Iſaac 
verted, the Object appears in the ſame Situation. gs when 11 — 
by the naked Eye. The Eye muſt here be placed cloſe erer 
Glaſs. The Degree of magnifying. in this Inſtrument, is! been 
to be found: Let the Rays, which.) paſs through the 6 ind cc 
AB at H. after the Refraction of the Eye-Glaſs C D Hο⁹ eures 
as if they came from the Point G; then the Rays, Which « alles, 
from the Extremities of the Object enter the Eye under > "cate 
Angle at G. ſo that here alſo the Object will be magnifyel 1 24 
the Proportion of the Diſtance between the Glaſſes, to the nderf 
ftance of G from the Fye-Glaſs. | | . Glaſ 
The Space, that can be taken in at one View in the nr ab 
depends on the Breadth of the Pupil of the Eye; for 5! « 45 


Rays. which go from the Points EF of the Image, are 0 
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g diſtant from eh other, when they come out of the Glaſs 
if they are,wider aſunder than” the Pupil, it is evident 
they cannot both enter the Eye at once. In the other 
ſcope the Eye is placed in the Point G, where the Rays 
come from the Points E or E croſs each other, and ther e- 
muſt- enter the Eye together. On this Account the Tele- 

e with Convex Glaſſes takes in a larger View than thoſe 

\ Concave ; but in theſe,alſo the Extent of the View is li- 
d, becauſe the Eye-Glaſs does not, by the Refraction to- 
is its Edges, form ſo diſtin a Repreſentation of the Ob- 
as near the Middle. | | | 
nce an Aſtronomical Teleſcope is eafily converted into 
nd Teleſcope, by uſing three Eye-Glaſſes is for one; and the 

| Teleſcope, on the contrary, into an Aſtronomical one, 
aking away two Eye-Glaſſes, the Faculty of magnifying 
ining the ſame : Since the Diſtance of the Eye-Glaſs is 
ſmall, the Length of the Teleſcope is much the ſame as if 
only uſed one. * : 
from, the Conſtruction it is evident that the Length 
he Teleſcope is had, by adding five times the Semidia- 
r of the Eye-Glaſſes to the Diameters of the Obje&-Glaſs, 
Plane Convex, or its Diameter if a Convex on both 


zem firſt obſerved, both in the Aſtronomical and Land 
17 that it contributes conſiderably to the Perfection 
e Inſtrument, to have a Ring of Wood or Metal, with an 
ture, a little leſs than the Breadth of the Eye-Glaſs, fixed 
he Plane where the Image is found to radicate upon the 
next the Eye; by means hereof the Colors which are apt 
turb the Clearneſs and Diſtinctneſs of the Object are pre- 
ed, and the whole Compaſs taken in at a View perfectly de- 


ſuc Newton, in his admirable Treatiſe of Optics, Page 5 9: 
dnſtrates, That the Perfection of Teleſcopes is impeded by 
lifferent — 7 — of the Rays of Light, and not, as 
deen vulgarly ſuppoſed, by the ſpherical Eigures of Glaſ- 
ind conſequently they cannot be perfected by Glaſſes of 
gures of the Conic Section, i. e. by Parabolic, Hyperbo⸗ 


I 


aſſes, Ec. for having ſhewed the Ratio between che leſs 
der "cater Refractions of the different Rays to be very nearly 
el ©2 28. he faith, Thoſe that are skill'd in Optics will ea- 


nderſtand that the leaſt circular Space, into which the 
K-Glaſſes of Teleſcopes can collect all Sorts of parallel 
is about the 274 Part of half the Aperture of the cnn, | 
* 55 Part of the whole Aperture; and that the Focus o 
neſt refrangible Rays is nears: to the ObjeR-Glaſs _ 
9 . the 
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pt anſwer to Experience: But the Errors of the Rays ariſing 
om the different Refrangibility, are as the Apertures of the 
jed-Glaſſes; and thence to make Teleſcopes of various Lengths 
ignify with equal Diſtinctneſs, their Apertures and Charges 
zht to be as the Square Noot of their Lengths; and this an- 
ers to Experience, as is well known : For Inftance ; a Te- 
cope of 64 Feet in Length, with an Aperture of 2+ Inches, 
2nifies about 120 times with as much Diſtinctneſs as one of 
oot in Length, with 4 of an Inch Aperture, magnifies 1; 


es, PE 

by Reaſon of this different Refrangibility, he concludes : 
at there can ſcarce be any other Means of improving Te- 
copes by Refractions alone, beſides that of increafing their 
neths ; for which End the late Contrivance of Hiugenus ſeems 
| accommodared, (ſee Philoſophicd! TranſaFions, No 161.) for in 
Aerial Teleſcope, the Glafles are readily manageable, and 
3 being upon a ſtrong upright Pole, becomes 
re ſteady. FIN | | 


II. Of the Conſtructiun of a Reflecting T E L E. 


| 


Phe Catoptric. or Reflecting Teleſcope, is a Teleſcope which 
ead of Lens's conſiſts chiefly of Mirrors; and exhibits re- 
te Objefts by Reflection, as the other Teleſcope before 
crib'd does by Refraction. . | 8 1 
The great Sir Iſa4c Newton, conſidering the different Refrans. 
llity, which in his new Doctrine of Light and Colors he 
made appear the Light to confiſt of. 8 good 
n Effect. as he found the Ratio between the greateſt and 
Reftactions of the different Rays, to be nearly as 28 is to 
it eaſily followed, that the Rays could never be all refrac- 
parallel from any Lens, but would ſome of them divari- 
, ſome more, ſome leſs, beſides that the Foci- would. be di- 
bed; the Focus of the more refrangible Rays being. nearer 
Lens than thoſe of the leaſt refrangible Rays, by a Diſtance 
ch is the 25th Part of the Diſtance between the Object- 
als and the Focus of the leaſt refrangible ones. : 
ence he concludes,. that Refraction was too unequal a Prins 
le, and that Len's of whatever Figure, whether ſpherical. pa- 
jolical, or any other of the Conic Sections; and how tru- 
ever ground, will never ſuffice for the Perfection of Te- 
opes. | | | 5. SGD. 
pon this he had recourſe to another more equitable Prin- 
le, viz, Reflection, and made a Teleſcope, conſiſting of 4 
| X Metalling 
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on the Top of the Tube is fix'd, on two ſmall Pedeſtals, a 
"mmon Dioptric Teleſcope about 18 Inches long, its 4xis pa- 
llel ro that of the Tube, and having two Hairs placed in the 
ommon Focus of its Object, and Eye Glaſſes croſſing one ano- 
er in its Axis. By this Dioptric Teleſcope, the Object may 
brought to be oppoſite to the Tube of the reflecting Tele- 
ope, much ſooner than to the reflecting Teleſcope alone, 
d is repreſented in the Figure at MN. £340 
The open Air has commonly an undulating Motion in its 
arts, eſpecially in the Day-time, which occaſions the Rays 
Light to deflect a little from the ſtrait Lines in which they 
ght to move, in order to render the Secies perfectly diſtinct: 
he Effect of this, though inſenſible to the naked Eye, or even 
rough a {mall 1 becomes conſidera ble when the Ob- 
& is very much magnified. "BF 

Dr. Gregory's Reflecting Teleſcope (who was certainly the firſt 
at gave the Conſtruction of thoſe Teleſcopes, tho* not the 
| that put them in Practice) is very much different from Sir 
Luc Newton's Teleſcape : The Conſtruction of Dr. Gregory's is 
us; Let AB C D. Plate 8. Fig. 4. be a Tube, open af 
D; in the End BC there is to be fitted a Concaye Specu- 
Im, mn, in which there muſt he a Hole x x agreeing to 2 
ole y y of the Tube AB CD; within the Focus of the Con- 
ve Speculum, as at G, there is to be placed a plane Convex 
peculum as c c, which receiving the Image of the Object from 
e Concave Speculum, reflects the Rays back upon the Con- 
we Speculum, diverging, a Quantity of thoſe Rays paſſes 
o' the Hole x x, where they are received by the Tube 
lo en, in which there are Eye. Glaſſes of the ſame Natyre 
1th common Refracting Teleſcopes, which Tube Mo c n, be- 
ig ſcrew'd to the Tube at y y, the Obſerver will receive a 
ſtint Image of the Object, and ere : Thus tho the Princi- 
les of Sir Tſeac's and Dr. Gregory's Teleſcopes be the ſame, yet 
eir Conſtruction are different, Sir Iſaac's Teleſcopes havin 

e Eye-Glaſſes placed upon the Side of the Tube, as at e, and 
Dr. Gregory's Teleſcopes they are placed in the End, as at 
J. where they look directly as in Refracting Teleſcopes. 
oth Sorts of theſe Refl:Ring Teleſcopes are now made to ve- 
great Perfection, by Edward Scarlet, Optician to his Ma- 
i, by St. Ann's Church, Sho; he has lately made one of Pr. 
gens Teleſcopes of about 9 Inches in Length, by which 
e Satellites of Fupiter are very diſtinctly obſerved : Alſo, 
ere is a late Contrivance, by which the Azimuth and Alti- 
le of any Celeſtial Phzxnomenon, may be obſerved ar the 
ime Time that the Object is obſerved by thoſe reflecting Te- 
ſeopes: But this Contrivance, as alſo the Movements, which 
3 | carry 
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carry the Teleſcope either vertically or horizontally, are in 
mediately underſtood when ſeen. 


XIII. Of the Les f TEL ESCO YES 


By the Help of Teleſcopes diſtant Objects are more certaig 
ly and exactly obſerved than they can be by our fing 
N for by the Meaſure of Angles we find the appare 
Diameters of diſtant Bodies, for the apparent Diameters of k 
dies grow bigger the nearer we come to them, and that d 
are increaſed almoſt in the ſame Proportion that the Eye y 
proaches them; (for Example; If any Man were ten rimesney 
er to the Moon than we are, and did there obſerve her, 
would ſee the Moon ten times bigger in her Diameter, u 
clearer than we do; (in Diameter, I ſay, for the Surface wal 
appear loo times larger than ir does to us). If here on a 
Earth we ſhould take a Teleſcope, which only encreaſes the bi 
meter ten times, and look to the Moon with it, the Mor 
will have the ſame Appearance ſeen with ſuch a Teleſcope, 
would appear to a Spectator ten times nearer the Moon thi 
we are; but if we ſhould uſe Teleſcopes (and ſuch there an 
which magnify the Diameters of Objects 100 or 200 ting 
they- will Few the Moon in the ſame Manner, Figure, and By 
neſs, as it would appear in, at a Diſtance 100 or 200 times 
than ours is from the Moon. Hence we can perceive, wit 
our Eyes, what Face, and how large the Moon would ſhev i 
ſelf ar the Diſtance of three Diameters of the Earth: As il 


ple of 
leſcop 


the Moon, vaſt Ridges of Mountains, deep Caverns, many Vai el p 
ical! 


ds. By the Means of Teleſcopes we f 
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ject with a Teleſcope that magnifies One Hundred timas; and 
Teleſcopes are of yaſt Uſe in obſerving the apparent Diame- 

of the Coeleſtial Bodies, ſo likewiſe we thereby are able to 
ige of the Proportion of their Diſtances from us, and che 
oportion their true Piametegꝭ bear to one another ; for if 
ir Diſtances be equal, their re Diamerers will be as their 
parent, and if their apparent Diameters are equal, their true 
meters will be proportional to their Diſtances: Hence, if the 
parent Diameters of the Sun and Moon be equal, let the 
1 be One Hundred times further from us than the Moon, the 


| Moon. 5 * 1 
If we know the apparene Diameter of any Body, we can 
m thence exactly know by the help of Trigonometrical Ta- 

what Proportion the Diſtance of that Body bears to its 
e Diameter; for ſuppoſe any Object to be ſeen by the Eye 
der an Angle of one Degree; the Diſtance of that Object 
de to its Diameter, as the Radius of a Circle is to the Tan- 
tof one Degree. The Sun appearing under an Angle of 
ut half a Degree, or 30 Minutes; this Diſtance will be to 
real Diameter as 10000 ro 87, the Tangent of half a Degree. 
ce we are certain, that the Sun's Diſtance from us is near- 
equal to 115 of his own Diameters; and if an Eye were 
ced on the Sun to obſerve the Angle under which the 
ameter of the Earth appear'd from thence: we then ſhould 
able to tell exactly the Diſtance of the Sun from us in Dia- 
ters of the Earth or Miles. | | 
In order to determine the apparent Diameters of the Pla- 
sz as alſo to meaſure other {mall Diſtanees in the Heavens 


the Eocus's of Teleſcopes : the Conſtruction of the moſt 
ple of thoſe Micrometers is as follows: In the Focus of a 
leſcope fit a Braſs or Iron Ring AB with Female Screws dia- 
tically oppoſite to each other; into theſe Female Screws 
ert Male Screws AE and FB of ſuch Lengths as that they 
be turn'd into the Tube ſo as to meet each other, and 
th this Inſtrument very ſmall Spaces in the Heavens may be 


urately meaſured; for when any two Objects view'd thro? 
u Tube appear contiguous to the Screws, if the Teleſcope be 
Fed about to two other Points that do alſo exactly appear 
ſelſggdriguous to the Screws, they remaining in the ſame Poſiti- 
e s before, if the Diſtance aſunder of thoſe two latter Points 
thai down or can be meaſured, the ſame will be the Diſtance a- 
di err of the firſt two Objects. To determine how many Se- 
pears anſwer to each Thread of thoſe Screws, obſerve two 
feats in the Heavens, whoſe Diſtance is accurately known, and 


turn 


muſt needs be One Hundred times in Diameter bigger than 


urately; there have been ſeveral ſorts of Micrometers apply'd_ 
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every Thread of the Screw; 
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turn the Screws till they appear contiguous with thoſe kn: 
Objects; and obſerve the Number of Threads correſpond 
to that Interval; then by the Rule of Three it may eafil 
determin'd how much of that, or any other Interval 

us, by ſaying, As the Num 
of the Threads of the Screws requir'd to meaſure the kng 
Diſtance, is to the known Diſtance in Seconds; ſo is one Thr 
to a fourth Number, which fourth Number is the Number 
Seconds anſwering to each Thread of every Screw. After 
ſame manner may a Table be made, by which the apparent! 
ſtances of Objects, or the apparent Diameters of the Plarg 
may be found by Inſpection; having the Number of Thr 
of the Screws that meaſure that Interval. 


N. B. The Screws ſhould be as exactly made as poſſible 


( ? | | | 8 
1 5 9 9 1 + © & 
- „ . * q 1 
* o q 7 - 3 6 - - * — 


* 
. I 2 *-þ , 


We —_—— 


* 


Fi mb | * T5 TIT INT WR — — 


— — — 


——_— 


A Complete A C C O'U NT +... 


= F OUR 


1119 


- 


JYOLAR SYSTEM, 

1 CONTAINING 
LANETS COMETS 

e A N 7 . 


Ld * W Mes, | »” kat. Mt 


S. a e r. L 


_ . — © ©. — 


HIS true Solar Syſtem was the moſt Antient 
of all firſt introduced into Greece, by the Great 
Pythagoras, and his Diſciples, who had learnt it 
from the Wiſemen of the , to whom as to 
an "Univerſity, they then all reſorted for In- 
ſtruction. *Tis true the other Apparent Syſtem, 
Ich ſuppoſes the Earth immoveable, and the Heavens to re- 
lye about it, was received among the Vulgar, and Illiterate 
t of Mankind; yet the Philoſophers retain'd the true Syſtem; 
| Ariſtotle, and the Philoſophers that came after him, degene- 
ing from their Predeceſſors, and not being 1 with 
e Philoſophy, embraced tlie common Syſtem of the Vulgar : 
that the Antient Syſtem was forgot, and not minded till 
Time of Nicolaus Copernicus, who again brought it to Life, a 
J re triev 


piercing Force of human Underſtanding, the Sublimity of its 


our Minds above our Senſes, and even in Contradiction 
them ſhews us the true Syſtem of the World. The Faculty of 
ſon, by which we have made theſe, great Diſcoveries in the 
yens, muſt needs be derived from Heaven: fince no Earth- 
principle can attain ſo great a Perfection, and ſince the Ori- 
ation of our Minds 1s from Heaven, it may be expected that 
y will endeayour to return thither, and Heaven will become 
final Habitation. | | : 

was neceſſary for the Advancement of Aftrotiomy to diſtin- 
ſh the Stars into Aſteriſms or Conſtellations by Figures an 
ges, which are of great Antiquity, and ſeem to be as Old 
ſtronomy or Philoſophy it ſelf: for in the moſt antient 
ok of Fob, Orion, Ayrcturus, and the Pleiades are mention'd, and 
meet with the Names of many in the Writings of the firſt 
ts, Homer and Heſtod, by the He] p. of which Conflellations, the 
tient Aſtronomers have been able to diſtinguiſh; and mark out 
Stars of the Firmament, and with great Care and Induſtry 
have digeſted them into Catalogues, which they have de- 
erd down to Poſterity; theſe Catalogues have been much 


not only comprehend the Stars viſible by the naked Eye, 
= many that are not to be obſerv'd or ſeen without a 
eſcope. % 

Hiparchus the Rhodian, about 120 Years before the Birth of 
HRIST, was the Firſt among the Greeks, who reduced the 
into a Catalogue, daring, according to Pliny, to undertake 
thing, which ſeem'd to ſurpaſs the Power of Mortals, that is 


le, &c. ; | 

Hyparchus, from his own proper Obſervations, and thoſe of 
eantient Aſtronomers before him inſerted into his Catalogue 
n Stars, and annexed to each of them their proper Longi- 
de and Latitudez which they had at thar Time. | 


umbring 1026. x 
Then Ulug Beight the Grandſon of the great Tumerlane ob- 
rv'd again the Stars, and reduced 1017 of them into a Cata- 
dove, | 

la the Sixteenth Century, and fince, Aſtronomy was courted by 
ny Admirers and Suiters, among whom we may*hiefly teckon 


i Brahe, in adorning. and perfecting this Science did far 

pass the Labours of all that went before him; who procured 

fry large, and exquiſitely OY Inſtruments, or — 
"2" nn 
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ulations, and deep reſearches, than true Aſtronomy : Ir rai- 


reaſed, and corrected by our Modern Aſtronomers, for now - 


Number the Stars for Poſterity, and to. reduce them to 


Ptolomy enlarg'd Hipparchus's Catalogue only with four Stars 


ylomontanus and Copernicus, But the noble Daniſh Aſtronomer, 
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0. Heavens, 3 eee he dezermin'd. che 


of 777 gab a Arid educed them into a:Caralogye, t 
197 being culated from his on proper Oblervay 
erp that ere to 115. = 2 anl 
cher 255 rs. 
wile 795 * : * ER 
and Bin two Mathemat 3 
Labour comp uted the p 17758 is. * == 
own obſttvarions, and inſerted the 
The gen ciolus enriched. the £7 | 
05 1855 which meaas their Nunbe wed, 
1 a ove loo were of 8 own Obſervation, the it 
took from Tycho, Kepler, a nd others. 
Bartſchius, 15 his K 4 Globe, boaſs tha 
Ry had painted on Is 762 Stars 
Feld wh by whom, or in what Year — were o ar, 
Southern Stars, which are not ſeen in our Climate w 
firſt r obſery'd Doctor und Halley, now h 
B flor of Aſtronomy, in the Illand of St. Alena, and j 
d a Catalogue of 373 of them, whole places he adapted u 
5 llalrions Jo keis of 5 h indi 
e illuſtrious John 14 ant it 
Induſtry computed 4 places of 1556 S588 1 en | 
per Obſervations, and ſo he compoled a New Catalogue, vil 


contain'd 1388, viz. 950, known to the Antients, 603 _ 
he jo no one Fre „ rightly ob ſerved, a 


e joyn'd 335 Southern Stars ken 75 of r . 9 | 
ogue, 77 25 er ae * Ep Fer 

But the Largeſt, and mo gere Lade 
we have 14 the Labours 3 iy exce — Obſerver, 
Flamſteed, late Royal Profeſſor of Aſtronomy : whoſe * 
peach to 3990, rectiſied to the Year 1726. here 6 

y his Qbſervations, the Nomber of Stars obſery d by If! 
our Britiſh Aſtronomer has V ar out done eee, e are] 


ae indebted as thi. A 


for the 
nowledge we have of tne Celeſtia * Bodies, 


the leaf Star in the Heavens to be ſeen, 

edc is not better known, t che Poſision, of many 
ries, t 100 which Travellers do daily paß. Nor is it any We 
der, that: the Aſtronomers. ſhould take ſo much Pains, und 


obſtinately wy 9 fixed Stars, to Ae FR . 
without the exa 


etling of their & Poſi 
could never have RA nave t os 1 the b 
have deſcribed their Orbits; for tis th upon the Obſervation | 
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I 5 3 25 
y hs Solar Byſtem: 183 
Kan, that the whole Sletxce of Aſtronomy is erected, 
them it — on 5.5 

not in t ollowing — 2 alli 
to inſtru; divert, and im cipaly 
+ them with the phyfical Cales of — he Celeſtial Moti- 
ich to underſtand clearly, require an Infight into deep 
y, left it ſhould at firſt ' confound, and make che 

100 difflcaſt ; therefore, 

ht it more advantageous to explain the Motions; * 
— of the Phænome na, that ariſe from theſe Mo» 
hich when once underſtood, there will be an eafy Ad- 
into the Knowledge of their Phyfical Caufes, which 

wick Eafe and Advantage be learnt from the Excellent 
pf Doctor Gregory, and the incomparahle Sir Iſaac Newton. 

—— — the Planetary, and Cometary Syſtem, 

rt of Aſtronomy, give me leave to ad» 
— Reader, that I halt confine my felf to the 

Account, and meddle withnothing of Eccentrics, Epicycles 

ration. Sid Orts, and the Hypotheſes of Prolomy, Tycho, 
why ſhould 1 tire and perplex with Shadows and Sy- 
ly exploded, when the Truch is manifeſt, whereby the 

Order, Poſition and Places of the Planets\ \ may be 

ad underſtbod far berter, and more eafily, according 

than according to theſe Firritious Sy ſtems. 
I may not fer forth the Contrivances of Mortals j but 
to be admiredbarid adored Wifdom of the Great and Glo» 
tor, of whom the Royal Plalnift under a Divine l. 
ius breaks forth. The Heaven det lare the Glory' of Got, and 
e108 Sewers bis bendy ork 7 and again the Heavent dectare his 
eſs, o the Peopte baus ſem bis Glory. | 


be Order : and Poriods of the Primary Planets 
ving aboyr be S U ; and of the Secondary Pla- 
round their reſpectibe Primarits. 


a is placed in the miaſt of an immenſe Space, wheres 
rake 1 Bod Hes revolve about bim 
Center efe waridring Globes are pre: Planets, 


ts, who br On rent Diſtances, and in d 
eriods, perfotm cheir Revolations from 560 Eff, in 


wing Order, © 
ury is fieardff to the sun of alt the Plariets. and 


its Courſe in about three Months, 2 N Venus in a- 


made — tad of he W 9 7100 


2 
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bout ſeven Months and a Half. 3. E. The Earth in à Year, read u 
g Mars in about two Years, 5. Þ Fupiter in twelve. © Au inets, | 
ly, h Suturn, whoſe & Orbit includes all the reft, ſpends in che L 
30 Years in one Revolution round the Sun. The Diſtance i cricit/ 
the Planets from the Sun are nearly in the ſame Propomi ent in 
as they are repreſented in Plate 9. viz. Suppoſing the Diſlul: in li 
of the Earth from the Sun to be divided into 1o equal p netary 
that of Mercury will be about 4 of theſe parts; of Venus 7 ;87he si. 
Mars 15; of Fupiter 52 3 and that of Saturn 977. es, or 
The Orbits of the Planets are not all in the ſame Plane, other 
variouſly inclined to one another; ſo that ſuppoſing o or! 
them to coincide with the above Scheme, the others will wir reſp 
one half above, and the other half below” it; interſeQing ions rc 
another in a Line paſſing through the Sun. WWr1ed ro 
Eckptic. Plane of the Earth's Orbit, is called the N t three, 
and this the Aſtronomers make the Standzrl,WW:*ndan! 
which the Planes of the other Orbits are judged to ind The Ea 
The right Line paſſing thro* the Sun, and the common l lution 
ſection of the Plane of the Orbit of any er of 
Nodes, and the Ecliptic, is called the Line of the Nodes of AF Sun al 
: planet; and the Points themſelves, wherein the iter h 
bit cuts the Ecliptic, are called the Nodes. ſt perfc 
The Inclinations, of the Orbits of the Planets to the! x Hours 
of the Ecliptic, are'as follows, viz. The Orbit of Mercur liter fro 
an Angle with it of almoſt 7 degrees; that of Yenus ſon's and 
above 33 degrees; of Mar, a little leſs than 2 degrees; of third it 
piter, 13 degrees, and of Starn, about 24 degrees. The ( meters; 
of the Planets are not Circles, but Ellipſes or Ovak. Mee of 1: 
an Ellipſis is, may be eafily underſtood from the fol of hi: 
Deſcription. Imagine two ſmall Pegs fixed upright n he 
Plane, and ſuppoſe them tyed with the Ends of uu moſt re 
ſomewhat longer than their Diſtance from one ano the Diſt 
now if a Pin be placed in the double of the Thread, ani unter z t. 
quite round, (always ſtretching the Thread with the ſame fe of 5 
| the Curve deſcribed by this Motion is an Ellipfs. The M be Dit 
Points where the Pegs ſtood, Frbone which the Thread about 
turned) are called the Foci of that Ellipſis; and if wit and OU 
changing the Length of the Thread, we alter the Poſition WF *m1diat 
the Pegs, we ſhall then have an Ellipfis of a different Kind its as w 
the former; and the nearer the Focus's are together, the 04 to Ea 
will the Curve deſcribed be to a Circlez until at laſt the e Plane 
Focus's coincide, and then the Pin in the doubling of = art 
£ 7 


+ By the Orbit of a Planet, is commonly underſtood the Traſt a u 1965 t. 
ſcribed by its Center round the Sun; but — the Plane of the Orbit is ws hin plan 
$a; Surkace extended every way thao the Orbit infinitely, © be Di 


** 
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cad will deſeribe a perfect Citcle.. The Orbits of all the 
iets, haye the Sun in one of their Fes; and 


ericity of the Orbits. This Eccentricity is dif- 4 18 
ent in all the Planets; but in maſt of them it is ſo ſmall, 
t in little Schemes or Inſtruments, made to repreſent the 
anetary Orbits, it need not be conſidered. wo £ 

he Six Planets above-mention'd, are called Pri- 


5, or Primary Planet:; but beſides theſe, there are Primary Plas 
nets. 


other leſſer Planets, which are called Secondaries, 
mor Satellus. Theſe Moons always accompany Spcondary 
ir reſpective Primaries, and perform their Revo. Pines, 
jons round them; whilſt both together are alſo 
ried round the Sun. Of the Six Primary Planets, there are 
t three, as far as Obſervations can aſſure us, that have theſe 
tendants, viz. the Earth, Fupiter, and Saturn. IS 
The Earth is attended by the Moon, who perſorms her Re- 
lution in about 274 days, at the Diſtance of about 30 Dia- 
ters of the Earth from it; and once a Year is carried round 
Sun along with the Earth. meh: 

iter has four Moons or Sutellits; the fir or inner- Jupiter's fur 
ſt performs its Revolution in about one Day and Pte 
Hours, ar the Diſtance of 31 Semidiameters of 25 
pier from his Center; the ſecond revolyes about Jupiter in 3 
Js and 13 Hours, at the Diſtance of 9 of his Semidiameters z 
thed in 7 Days and 4 Hours, at the Diſtance of 144 Semi- 


ce of 16 Days 17 Hours, and is diſtant from Fupiter's Center, 
{ of his Semidiameters. | | 
Surn has no leſs than five Satellirs 3 the firft or in- Saturn has 
moſt revolves about him in 1 Day and 21 Hours Fe fo, 
the Diſtance of 4+ Semidiameters of h from his 7 
nter; the ſecond completes its Period in 24 Days at the di- 
nce of 5+ of his Semidiameters; the third, in about 44 Days 
the Diſtance of 8 Semidiameters; the fourth performs its Courſe 
about 16 Days, at the Diſtance of 18 Semidiameters; the 
and outermoſt takes 79 4 Days to finiſh his Courſe, and is 
&midiameters of Saturn, Diſtant from his Center. The Sa- 
its as well as the Primaries perform their Revolutions from 
to Eaſt: the Planets or the Orbits of the Satellits of the 


— are variouſly inclined to the Plane of the Orbit of their 
mary. 

behides theſe Attendants, Stun is encompaſſed with Saturn'sRing, 
thin plane Ring that does no where touch his Bo- 

the Diameter of this Ring is to the Diameter of Su 28 


Ie 9 to 


— 


f the Diſtance between the two Focus's is called the Nanmrieig. 


- 
— — —_— OO —— —— — — — << 


meters ; the fourth and outermoſt, performs its Courſe in the 


e Planer are variouſly inclined to one another. and conſe- 
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„to 43 and the void ſpace between the Ring and the Bey rds 
Saturn, is equal to the breadth of the Ring it ſelf ; fo t fron 
_ forme fienations — — — be ſeen * 1 the Ning d not 
his Body. This rifing Phanomenon yt Su Rim WW |. The 
— d wore the Satellits of Fand ah „and 
turn known to the Antients. The Fovid Planes were fiſt { turn r 
covered by the famous Na½, Philoſopher Guilaut, by 41 1s fo 

. ſcope, which he firſt invented; and the celebrated Coſi, WA. he 
French King's Aſtronomer, was the firft that ſaw all the en the 
of Saturn; which by reaſon of their great Diſtances from fame 
Sufr, and the ſmalineſ of their own Bodies, cannot be ſeen en a br; 
us. but by the help of very good Glaſſes, rs; or 
Annual Mo The Motion of the primary Planets round ich Pha 
„ Sun (as atfo bf the Satellits round their reſo Sun, a 
$ Primaries) is called their Anne Motion ; becauſe M the Pla 
have one Year or Alteration of Seaforis complete in on: i: 251 
theſe Revolutions. Beſides this Annual Motion, four ear; fu 
Planets, wiz. Venus, the Earth, Mays, and Fin Earth 
Dinmet d. vol ve about their own Axes, from Weſt to af b, for it 
tian. this is called their Pina Motion. For by u from | 
„„ tstien enk point of their Surfaces, is carried inen ho 
fively towards or from the sun, who always Hluminams ther u 
Hemiſphere which is nere to him the other remaining o can 
and while any Place is itt the Hemiſphers illuminated by of ne, 
Sum. it is Davy but when it is carried tothe obſcure Hemiſph the g 
ic becomss Nieht ; and fo continues until this Rotatias preſen 
PN ſa id place: 18 again ned 4 the Sun. plain 
Fhe Kanh performs its Revolution round its auſt eit 
in 23 Hours 56 Minutes; uus ia 23 Hours bet wi 
in 20 fours and 4 Minutes; and Fuplver m to moy 


round his owrr Axis in 9 Hours and: 56 Men 
Fic sun alſo is found to Orr reunt his Ane 
Weſt co Eat in 7 Days: And che Moc, whid 
neareft to us of all the Planeta rev OHV abe 
Axis in 2 Month, or im the fame ſpace' of N 
thao the turns round the Earth.; ſo that the 
nariam have' but one ay chroughout their Ia 


n Rg. 2. 
jor * 

ind m 
vixt us 
Wixt us 
letimes v 


| | | e muſt 
The Plentts I. The Plaviets are all opake' Bodies, having e pnin t! 
2 Ee. Light but whar they horrow from rhe Sun: Meide, thi 


that ſide of them which is next rowards che dul. k 

always been obſerved to be illuminated, in uur fe 
firion foever' they be; bur the oppoſite ſide, which the 508 
Rays do not reach, remain dark and obſcure ; whenceitis 
midene that they have no Lighe but whar” proceeds ye” 
Sun: for if chey had, all partꝭ of them wou! | be lucid #1 t if 
. any Mackneſs. or ſhadow: The Planers ars likewice proves! 


by Globular, becauſe let what part ſoever of them ay 


turns x 
auſe ſhe 


of is 2M 


I —_ 
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rards the Sun; its Boundary, or the Line Teparating that 
t trom the oppoſite, al ways appears to be Oircular; which 
d not happen if they were nor Glohnla .. 
[. That the Earth is placed betwirt the Orbs of Tie e 
n and Venus, and that , 2, G, , and h, do — 
nn rene the Sun 3 is proved from Obſervati ?: 

© —— 4 NW 11 
. Whenever ma is in Con junction with the Sun, that is; 
en the is in the ſame Direction from the Earth, or tow 
fame part of the Heavens the Sun is in ; ſhe either appet 
th a bright and round Face like a full Moon, or dſe diſap- 
rs; or if ſhe is viſible, the — horhed xe a new Moon 3 
ich Phznomena could never happen, if did not turn round 
Sun, and was not betwixt Rim and the Eatth: For fince 
the Planets borrow their Light from the Sun, it is neceſſary 
t L's lucid Face ſhould be towards the Sun; and when the 
ears fully illuminated, ſhe ſhews the ſame Face to the Sun 
| Earth 3 and at that time ſhe muſt be above or beyond the 
, for in no other Pofltion could her illuminated Face be 
from the Earth. Farther; when {he r res if viſible, 
hears horned 3 that Fate of hers Which 18 ads the Suty 
ither wholly turned frem the Earth, or only a ſmall part 
It can be ſeen by the Earth; and in this cafe ee 
of neceſſity ks hetu tt us and the Sun. Let e to.. 
the gun, T Earth, and 'V Nm, having the ſfaie 
preſented both towards the Sm ad Erb: here 
plain that the sun is betwixt us and Venus, and therefore 
muſt either place Yes in an Orbir round the Sm. and like- 
 betwixt him and us, 45 in Fg. 1. vr elſe we muſt make the 
to move round the Earth in an Orbit within that of Yenas, 
n Fig. 2. Again, after Fm difappears, or becomes horned, 
ter * f with the Oy the then muſt be betwixt us and the 
and muſt move eſther in an Orbit round the Sun, and 
vixt us and him, as in N. 1. of elfe round the Earth, and 
wixt us and the sun, as in Rx. 2. But Num cannot move 
Rimes within the Sun's Orbit, and ſometimes without it, 
e muſt ſuppoſe if ſhe moves rpund the Firth; therefore 
plain that her Motion is round the. Syn. 23 
les the foregoing, there is another Demenſtration that mm 
turns round the Suni i an Orbit that is within the Earth's; 17 
pulſe ſhe is always obſerved to keep near the Sun, and in Wilt 


1 Conjunction with 


. is 2 Mark commonly uſed for Conſunfugh! thas & with the O & > "Pt | 
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the ſame Quarter of the Heavens that he is in: for ſi 
recedes from him more than about +4 of a whole Circ 
therefore can never come in Oppoſition to him; whic 
neceſſarily happen, did ſhe perform her Courſe round t 
eicher in a longer or ſhorter time than a Year. And ti 
rea ſotr why Venus is never to be ſeen near Midnight, bu 
either in the Morning or Evening, and at moſt not abe 
odr four Hours before Sun-rifing, or after Sun 
Wy venus l From the timeof s ſuperior Conjunction 
always either ſhe is above the rang) is more Eaſterly 
r Ami un, and therefore ſets later, and is ſeen a 
, ſetting, and then ſhe is commonly called 
| _ ing Kar. But from the time of her inferi 
junction till ſhe comes again to the ſuperior, ſhe then 
more Weſterly than the Sun, and is only to be ſeer 
Morning before Sun-rifing, and is then called the 
Alter the ſame manner, we prove that Mercury turns re 
Sun, for he always keeps in the Sun's Neighbourhood. 
ver recedes from him, ſo far as Num does; and there 
Orbit of & muſt lie within that of 9; and on the ac 
his Nearneſs — the Sun, he can ſeldom be ſeen witho 
6 4 
The Orbit of Mars is obſery'd to come in Oppoſition, i 
— wiſe to have all other Aſpects with the Sur 
the Zar, ways preſerves à round, full, and bright | 
cept when he is near his Quadrat Aſped 
he appears ſomewhat Gibbous, like the Moon three. 
Days before or after ho Full: Therefore the Orbit of 
include the Earth within it, and alſo the sun; for il 
betwixt the Sun and us, at the time of his inferior Co 
FR on, he would either quitediſappear, or app 
Fig. 1. ned, as Venn and the Moon do in that | 
a Let s be the Sum, T the Exh, and A, P Mm. 
his Conjundtion and Oppoſition to the Sun, and in | 
fitions full; and B, C Mu at his Quadratures, when he 
ſomewhat gibbous from the Earth at T: *Tis plain her 
the Orbit of ar does include the Earth, otherwiſe l 
not come in Oppoſition to the Sun; and that it 
includes the Sun, elſe he could not appear full at h 
junction. F T1 
Mrs, when he is in Oppoſition to the Sun, looks 1 
ven times larger in Diameter, than when he is in Co 
on with him; and therefore muſt needs be almoſt ſev 
nearer to us in one Poſition than in the other: For t 
rent Magnitudes of far diſtant Objects increaſe or dec 


pro 


riods 


in: for ſhe n 
vhole Circle; 
im; which we 
ſe round the n 
r. And this i; 
dnight, but al 
> not above 
r after Sun-ſ l 
junction (or 
> Eaſterly than 
d is ſeen after! 
ily called the 
her inferior 
| the then app 
to be ſeen n 
called the 


1 turns tout 
bourhood. ant 
and therefor 
on the accout 
ſeen without! 


poſition, nll 
ith the Sun; i 
d bright tus, 
Irat Aſpecl, 
zon three. ot 
he Orbit of i 
sun; for if! 
nferior Con 
ear, or àppen! 
» in that Pol 
d A, P Mars Jos 
n, and in bot 
es, when bei 
s plain hene 
ther wiſe he © 
| that it lu 


r full at his 0 
b looks alnd 


ie is in Conſ 
almoſt ſeven" 
her: For th! 
aſe or decrel 

prope! 
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on to their Diſtances from us. But Mars keeps always 
t the ſame Diſtance from the Sun; therefore it is plain, 
not the Earth, but the Sun that is the Center of his 


proved in the ſame way, that Fupiter and Stturn have 
> Sun and the Earth within their Orbits, and that the 
| not the Earth, is the Center of their Motjons;, altho? 
droportion of the Diſtances from the Earth, is not ſo 
Fupiter as It is in Mars, nor fo great in Saturn as it is in 
dy reaſon that they are at a much greater Diſtance from 


—— 8 91 4 204 
ave now 'ſhewn that all the Planets turn — and 
erior Plas 
nets 5 Ty 


he Sun, and that Mercury and Venus are in- 
between him and the Earth; whence they are 
e Toferior Planets: and that the Fitth is placed. 
the Orbits of Mars and Yenus and herefore incladed 
the Orbits of Mars, Fupiter and Saturn; whence they are 
e Superior Planets : And a the Farth is in the middle 
moveable Bodies, and is of the ſame Nature with Them, 
conclude, that ſhe has the ſame fort of Motions but 
turns round the Sun, is proved thus. 
he Planets ſeen from the Farth appear to | The Earth 
ery unequally; as ſometimes to go faſter,” at —— 
mes flower ; ſometimes to go backward, and und we 
es to be ſtationary, or not to move at all; gw. 
ould not happen if the Earth ſtood ſtill. Let 
Sun, T the Farth, the great Circle ABCD, FE. + 
dit of Mart, and the Numbers 1, 2, 3, Cc. its 
Motion round the sun; the correſpondent Numbers 
Cc. in the Circle 4, b, c. d, the Motion of Aus as 16 
be ſeen from the Earth. It is plain from this Figure, 
the Earth ſtood ſtill, the Motion of Mrs would be al- 
rogreſſive, (tho* ſometimes very unequal 3). but ſince 
tions prove the contrary, it neceſſarily follows, that 
th turns round the Sun. 5 
Annual Periods of the Planets round the Sun The Am 
ermined, by carefully obſerving the length — 
e fince their Departure from 4 certain Point pie, how 
Heavens (or from a Fixed Star) until they ar- computed. = 
the ſame again. By theſe ſorts of Obſerva- _ 
he Antients determined the periodical Revolutions of 
anets round the Sun; and were ſo exact in their Com- 
dns, as to be capable of predicting Eclipſes of the Sun 
don. But fince the Invention of Teleſcopes, Aſtrono- 
Dbſervations are made with greater Accuracy, and of con- 


ce our Tables are far more perfect than thoſe of the An 
Z rien ts 


U 
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tients. And in order to be as exact as poſſible, Aſtrong 
compare Obſeryations made at a great Diſtance of time 
one another, including ſeveral Periods 3 by which meam 
Error that might be in the whole, is in each Period ſul 
ded into ſuch little parts, as to be very inconſiderable. 
the mean Length of a Solar Year is known even to Second 
The Diurnal Rotation of the Planets round their Axe, 
diſcovered , by certain Spots which appear on their Suh 
Theſe Spots appear firſt in the Margin of the Planets Dik| 
the Edge of their Surfaces,) and ſeem by degrees to 
wards their Middle; and fo on, going til! forward, till 
come to the oppoſite Side or Edge of the Disk, where 
ſet or diſappear : and after they have been hid for the 
ſpace of time that they were viſible, they again appear tot 
in or near the ſame plage as they did at firſt; then to 
progreſſively, taking the ſame courſe as they did before. 
Spots have been obſerved on the Surfaces of the Sun, Yew, 
and Fupiter 3 by which means it has been found, that thel 
dies turn round their own Axes in the times before-mentu 
It is very prop that Mercury and Saturn have likewile1 
tion round their Axes, that all the parts of their Surfacsl 
alternately enjoy the Light and Heat of the Sun, and rt 
ſuch Changes as are proper and convenient for their Na 
But by reaſon of the nearneſs of Þ to the Sun, and h 
menſe Diſtance from him, no Obſervations have hitherto 
made, whereby their Spots (if they have any) could be & 
vered, and therefore their diurnal Motions could not bet 
mined. The diurnal Motion of the Earth is computed, 
the apparent Revolution of the Heavens, and of all the 
round it, in the ſpace of a natural Day. The Solar Spob! 
not always remain the ſame, but ſometimes old ones vil 
and afterwards others ſucceed in their Room; ſometims 
ral ſmall ones gather together, and make one large Spot 
ſometimes a large Spot is ſeen to be divided into many | 
ones. But, notwithſtanding theſe Changes, they all tum m 
with the Sun in the ſame time. 
he better to conceive the apparent Annual and Dill 
Motions of the Sun or the real one's of the Earth. Imp 
Worm creeping ſlowly in the Ecliptic one degree forward, 
the Globe is turn'd once the contrary way, thus may tht\ 
be ſaid to deſcribe each Day a Parallel to the Equino&ial, x 
properly 'tis a ſpiral Line, and yet is never out of the Eclifl 
ut to repreſent to the Eye theſe Appearances as they trul) 
Light a Candle in a dark Room, and take a ſmall Globe o 
or 3 Inches Diameter, in which mark the Poles, Æquatot, ® 


ſome Parallels with ſome Meridians paſſing from Pole to „ 
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Of the Planets. 151 
ſo hold this Globe before the Candle, that its Axis may 
t be Perpendicular to the Plane of the Table, on which the 
ndle ſtands; but let it be inclin'd to it in an Angle nearly of 
Degrees, then place the Globe in ſuch a manner, that one of 
Poles may point directly North, and let the Light of the Candle 
reach from Pole, to Pole that is, let the Circle bounding 
ht and Shadow firſt paſs thro* the two Poles of the Globe, then 
the Poſition of the Axis be well obſerved; and then move the 
obe round the Candle, with your Hand in a Circle parallel 
the Horizon, holding it ſo, that the Axis may always point 
ſame way, and retain the ſame Inclination to the Horizon: 
5 done, you will ſee that the Flame of the Candle will in the 
e manner illuminate this Globe, as the Sun actually does 
Earth, and the Poles of the Globe, its Æquator and Paral- 
— undergo the ſame Viciſſitudes of Light and | 
rkneſs, 

je Relative Diſtances of the Planets from the How the Re 
and likewiſe from each other, are determined «tive — 
the following Methods: Firſt, the Diſtances of — — _ 
two inferior Planets & and 2 from the Sun in S Are deter. 
pect of the Earth's Diſtance from him, is had by mined © 
—_ their greateſt Elongation from the Sun as | 

y are ſeen from the Earth. 

he greateſt Elongation of Venus is found by obſer- 
tion to be about 48 degrees, which is the Angle 
Lz whence, by the known Rules of Trigono- 
try, the Proportion of $ 2, the mean Diſtance of Yenus from 
dun to ST, the mean Diſtance of the Earth from him, may 
eaſily found: After the ſame manner, in the righr-angled 
angle ST &, may be found the Diſtance $ V, of Mercury 
dm the Sun. And if the mean Diſtance of the Earth from the 
n J be made 1000, the mean Diſtance of Venu S g from the 
n will be 7233 and of Mercury SY 387: And if the Planets 
dyed nas the Suri in Circles, having him for their Center, 
Diſtances here found would be always their true Diſtances z 
t as they move in Ellipſes, their Diſtances from the Sun will 
ſometimes greater, and ſometimes leſs. Their Eccentricizies are 
mputed to be as follow, viz. 


Mercury 80 : 
Eccent. of ef Venus «5 C of the parts abovementioned. 
Earth 169 


The Diſtances of the ſuperior Planets, vis d, E, and h;, 
found by comparing their true places, as they are ſeen from 

e Sun, with their apparent places as they are ſeen 

om the Earth. Let 8 be the Sun, the Circle ABC N. 6. 


e Earth's Orbi ine touching the Earth's 
rbit, AGa _— _ ing ole 
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172 The Order and Periods 
Orbit in which we'll ſuppoſe the ſuperior Planets are ſeenf 


the Earth, in the Points of their Orbits , . h; and let) 
G H, be a Portion of a great Circle in the Heavens at an j 


The P 
the E: 
2 give 


nite Diſtance : Then the Place of Mars ſeen fro the E 
Heliocentrie Sun is D, which is called his true or Heliocentric Pullcthods 
and om but from the Earth he'll be ſeen in G, which is find 
Vs his apparent or Geocentric Place. So likewiſe ne of 
and Saturn will be ſeen from the Sun in the s, (tl: 

E and E, their Heliocentric Places; but a SpeRator from ce fre 
Earth will ſee them in the Point of the Heavens G, which Inces o 
their Geocentric Place. The Arches DG, E G, FG, the d the Es 
rences between the true and apparent Places of the ſup the ſu 
Planets, are called the Parallaxes of the Earth's annual o- m the 
ſeen from theſe Planets. If thro' the Sun we draw S H pin 

to A G, the Angles A d S, A S, A ES, will be reſped 

ly equal to the Angles DS H, ES H. and ES H; and the A 

A Gs is equal to the — 1 G S H, whoſe Meaſure is the l 

GH; which therefore will be the Meaſure of the Angle. 

the Angle under which the Semidiameter A $ of the Earth lich if 
bit, is ſeen from the Starry Heavens. But this Semidim l have 
is nothing in reſpect of the immenſe Diſtance of the R e Sun. 
or Fixed Stars; for from thence it would appear under nol here 
ſible Angle, but look like a Point. And therefore in thel the Pla 
vens the Angle G 8 H, or the Arch GH vaniſhes ; anl WF irated 
Points G and H coincide; and the Arches D H, E H, FH. m. 

be confider'd as being of the ſame Bigneſs with the itherte 
D G, EG, and F G, which are the Meaſures of the Angles Atte Pla 
AS, Ah s; which Angles are nearly the greateſt Elor a0 jermini! 
on of the Earth from the Sun, if the Earth were obſerved Her to! 
the reſpective Planets, when the Line G H Þ & A, tog ite M 
the Earth's Orbit in A. The nearer any of the ſuperior Pole Me: 
nets is to the Sun, the greater is the Parallax of the Amme Fart 
Orb, or the Angle under which the Semidiamerer of the he 60 
Orbit is ſeen from that Planet. In Mars the Angle A uins: 
(which is the viſible Elongation of the Earth ſeen from Meter « 
or the Parallax of the Annual Orb feen from that Planet) vill b. 
bout 36 Degrees; and therefore the Earth is always to the Hreter 3 
habitants of Mars either their Morning or Evening Star, idiame 
is never ſeen by them ſo far diſtant from the Sun, as ven a cert 
Venus. The greateſt Elongation of the Earth ſeen from 7" true 1 
being nearly equal to the Angle AX s is about 11 deg" the ( 
In Saturn the Angle A H $ is but 6 degrees; which is not ) with 
above 4 part of the greateſt Elongation we obſerve in Mp" on 
And fince Mercury is ſo rarely ſeen by us, probably the Aſtro th, Z C 
mers of Saturn (except they have better Optics than we hi IM 


have not yet diſcovered, that there is ſuch a Body as our E 
in the Univerſe. . i 


The Parallax of the Annual Orb, or the greateſt Elongation 
the Earth's Orbit ſeen from any of the ſuperior Planets, be- 
je given; the Diſtance of that Planet from the Sun, in rei 

the Earth's Diſtance from him, may be found by the ſame 
«thods as the Diſtances of the inferior Planets were. Thus, 
> find the Diſtance of Mars from the Sun, it will be as the 
ne of the Angle 8 & A is to the Radius, ſo is the Diſtance 
s, (the Diſtance of the Earth from the Sun) to $ &, that Di- 
ince from the Sun to Mars. After the ſame manner the Di- 
nces of Fupiterand Saturn are alſo found. The mean Diſtance 
the Earth from the Sun being made 1000, the mean Diſtances, 
the ſuperior Planets from the Sun are, viz. the mean Diſtance 
om the Sun of | 


d 1524 Oe 141 
1 5201 and the Eccentricity 250 
Rh 9538 57 


hich if we add to, or ſubtract from their mean Diſtances, we 
ll have the greateſt or leaſt Diſtances of thoſe Planets from 
un. 

here are other Methods, by which the relative Diſtances 
the Planets might be found; but that which has been here 
ſtrated, is ſufficient to evince the Certainty of that Pro- 
m. 
itherto we have only conſidered the Diſtances How the Al. 
the Planets in relation to one another, without Foite * . 
ermining them by any known Meaſure 3 but in pr at =” 
Per to find their abſolute Diſtances in ſome de- Su e com- 
ate Meaſure, there muſt be ſomething given, pared. 

ole Meaſure is known. Now the Circumference 

he Earth is divided into 360 Degrees, and each of theſe Degrees 
0 * 60 Geographical Miles, ſo that the whole Circumference 
tains 216003 and by the known Proportion for finding the 
meter of a Circle from its Circumference, the Earth's Diame- 
will be found to be 6872 Miles, and its Semi- 

meter 3436 Miles. The Parallax of the Earth's Parallax of 
diameter, or the Angle under which it is ſeen 222 
m a certain Planet, may be found by comparing , 
true Place of the Planet as it would be ſeen; | 


with its apparent Place, as it is ſeen from ſome 
at on the Earth's Surface. Let C Z A be the E. 7. 
th, 2 C its Semidiameter, E ſome Planet, and 


*. 2. 6e Geographical Miles are Equal to 61 Engliſh Miles. 1 
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m the Center of the Earth, (which is known by Computa: | 
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174 The Order and Petiods 
BH T an Arch of a great Circle in the Heavens, at un 
_ nite Diſtance. Now the Planet E will appear from 
Farth's Center C, in the Point of the Heavens H; but ay 
ctator from the Point Z, upon the Earth's Surface, will i 
the ſame Object E in the Point of the Heavens B; andy 
Arch BH the Difference is equal to the Angle B E HS rp. 
E C, the Parallex 3 which being known, the Side C's chune 
Diſtance of the Planet from the Center of the Earth, at i rome 
time, may be eafily found. Now if this Diſtance of the H arent 
net from the Earth be determined, when the Centers of lich b 
Sun, the ſaid Planet, and of the Earth, are in the ſame it of 
Line, we have the abſolute Diſtance of the Planet's Orbit u ce of 
the Earth's in known Meaſure : then it will be, as the angle 
tive Diſtance betwixt the Earth's Orbit and that of the Pu A, 
is to the relative Diſtance of the ſaid Planet from the e A f 
ſo is the Diſtance of the Planet's Orbit from the Earth's the P. 
known Meaſure, to the Diſtance of the ſaid Planet from rom | 
Sun in the ſame Meaſure : Which being known, the Dim ces, v 
of all the other Planets from the Sun may be found. For, 
will be, as the relative Diſtance of any Planet from the qu 
to its Diſtance from him in a known Meaſure ; ſo is th 
lative Diſtance of any other Planet from him, to its Diſt 
in the ſame Meaſure. This may be done by finding the! 
ſtance of the Planet Mays, when he is in Oppoſition to the 
after the ſame manner as we find the Diſtance of a Im 
the like, by two Stations. 

Let & be Mari, D the Point on the Earth's Superficies, vn 
| Mars is vertical, when he is in Oppoſition to the Sun, ( 
may be exactly enough found by Calculation) at which no ; 
an Obſerver, at the Point Z, (whoſe Situation from D er ir 
known) take the Altitude of Mes, whoſe Complement u 
the Angle & ZR; then in Triangle & Z C will be gin" Dia 
Angles d Z C, the Angle C whoſe Meaſure is the Arch!) rd 
and conſequently the Angle Z 4 C the Parallax, and allo! 
Side Z C the Semidiameter of the Earth; by which we maß! 
Cd the Diſtance of Mars from the Earth. The extreme 
ty required in this Obſervation, makes it very difficult to! 
termin the exact Diſtances of the Planets from the Sun; * 
the celebrated Dr. Halley has, in the Philoſophical Trankd 
ons, ſhewed us a more certain Method for finding tit! 
ſtances of the Planets z which is by obſerving the Tranſit 

| Venus over the Sun. 
Hor the Mag- The Eye judgeth of the Magnitudes of fit © 
Flaute, of the ſtant Objects, according to the Quantities of 
er: reds» Angles under which they are f- ich are al 
armin d. gles under which they are ſeen (which 2 
* their apparent Magnitudes; ) and theſe Angle 
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tance. 
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c greater or leſs in a certain Proportion to their Diſtances, 
erefore the Diſtances of the Planets from the Earth, and 
ir apparent Diameters being given, their true Diameters, 
4 from thence their Magnitudes ) may be found. How the 
ances of the Planets may be found, has been already ſhewn 
ir apparent Diameters are found by a Teleſcope, having a 
chine fixed to it for meaſuring Angles, called a 
crometer. Let BD, or the Angle B A D be the N. . 
arent Diameter of any Planet, and A B, or AD, | 
hich by reaſon of the great Diſtances of the Planets in Ie 
& of their Magnitudes) may be conſidered as being the Di- 
ce of the ſaid Planet from the Obſerver. Now in the 
angle AB D, having the Sides A B, A D given, and the An- 
A, we have alſo the other Angles B and D, (becauſe the 
es A B, AD are equal) whence' the Side B D the Diameter 
the Planet may be eaſily found by Trigonometry. 

rom hence it appears, that the fame Body at different Di- 
ces, will ſeem to have very different Magnitudes : Thus, the 
meter B D will appear, from the Poirit E, to be twice as 
ge as from the Point A. It alſo follows, that a ſmall Body, 
jen at no great Diſtance from us, may appear to be equal, 
eyen to exceed another at a great Diſtance, tho* immenſly 
ger. Thus ö d appears under the ſame Angle, and conſe- 


eB D doth, tho“ one vaſtly exceeds the other. 

d this is the Reaſon, why the Moon, which is Whythe Mow 
ich leſs than any of the Planers, appears to us pears big- 
ly bigger than either of them, - even to e- Sa ae 
the Sun himſelf, which is many thouſand times 

ater 1n Magnitude. : | . x 
The Diſtances of the Planets, and Periods round the Sun, 
ir Diameters and Velocities round their own Axes, Cc. 
ording to modern Computations, are as follow in this. 


ently of the ſame Bigneſs from the Point A, that the 


Brat 


ER 


A 


- 4 _ 7 — 
L 
Er F 


_— . OL * — * 2 
— URIC ni, ES" n 


o 
— — — 


———— —— m — 
3 — 


176 


Exact Planetary Synopſis. 


That is a Stturnian Aſtronomer would never obſer 
Earth more than 6. 281. nor leſs than 5®. 34*. from the Nl 
in its fartheſt Elongations ; ſo that it is hard to ſay, vieh 
they or the Fovial Aſtronomer have yer diſcover'd that tht 
ſuch a Body, as our Earth, or our Moon in the Univerſe 


$SATUR N:.is the higheſt Planet, has always a roundfull ii 
of a heavy dull Lead-colour, and may be Eclipſed by ill! 
Planets, when in G with him; every 378 Days is in Conjuns 
on with the Sun, and has 5 Moons revolying about his 3d 
which can be ſeen only with a very large Tube. h has ill 
"Ring or Belt ſurrounding him (like the Horizon of an At 
cial Globe) and no where touching him, whoſe Plane is it f 
ume nearly parallel to our Earths Æquator; but more eu 


jupiter, 


J. D. H. 44 


8 


9p 


Saturn. 
> Tx x ELM 

Periodical Revolution of 29. 174. 6. 36. 26. 
Daily Motion. 5 £ 2 2 
Aphelion Anno, 1745. 7 27. 47. o. 

cending Node. 21. 45. 12. 
Annual Motion of Node. 36. 
— — —— — — a 
Greateſt 1008. 342. 
"Mean 8 Diſtance from O. 3 953. $00. 
Leaſt $98. 956. 
Kcceatricity. '54, 700. 

28 N, HK. 775 

Revolution about the Axis of 29. 10. 1. 16. 
Inclination of Orbit. D. 2. 30. 30. 
Bigger than our Earth times 3 ; 2 
Apparent Semidiameter. J 16. 30. 
Leſs than our Earth times 
Heat near the Surface. > 
Diameter in Engliſh Mules. 67. 370. 
Weight of Bodies on the Surface. 536. 
Denſity. 60. 
"Quantity of Matter. 97. 
Farallax of — Greateſt 36 28. 
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Mars. Earth. venus. Mercury. | 


— 


DuCEM.EACIANEAIMMN.i4 
331, 23. 27. 30.365. $ 48. $7.] 224.16. 49. 24. 87. 23. 15. $34 


— — — —— . — —— — 
31. 27. : 1 1. 36. 7. 4. 8. 32. 
8 o. . —— 7. 35. 1 4. 12. o. 7 12. $3. 0. 
18. 13. 0. 8 CE - IT I4. 35. O. N 15. 47. 0. 
b 41. Præceſs Equin. 50. 37. 1. 36. 
— — — — 5 — — 3—— — — 
166, 785. 101. 732.“ 73. 791. 456. 608. 
5 152. 369. 3 100. ooo. 3 72. 333. 3 38. 710. 
138. 199. , 98. 268. % 8 p 71. 719. 1 30. 689, 
I 4, 100, | BD, 721. 517.4 7. 970. 
H. 4 IE | H. H. 
24 49» 241 n 23. : | 6. 
* s; 26. ** | D 3. 23. . DT © 4 © 
1 — ——| (as ſome ſuppoſe.) 
| 21 O l Ane 7 
4. | 10. 30. 8 
1 * ˖ ö 
"5 | 3. 27 
189 2 
4. 444, 4. 40. 
| 
+ | — * —— 
36. 22. 915 22. 
30. 34. * 16. 47. 


orms an Angle with the Ecliptic of about 31“, and its Dia- 
ter is 24 of $#urn's Diameter, and the Diſtance of the Ring 
om the Pla net. is about the Breadth of the Ring ir ſelf, which 
ſome are call'd the Anſz or Handles of Saturn. He is ſo 
removed, that we cant behold his Spots. The Immerfions. 
his (or 2's Satellites or Moons) can be ſeen only, when he is 
jental i. e. which is from & to, and their Emerſions when he 1s 
efental or from & to &, but if they be in exact & to the 
It will be in vain to look for either; the Shadow being caſt 
rectly behind him. jet 
FUPITER is thenext Planet to #aturn, has always a round 

|| Face, of a very fulgent and beautiful Aſpect, and mav be 
lipſed by all the Planets, except h. Þ is in & with the © 
ety 398 Days, and has 4 Moons, which if obſery'd with a 
A a Teleſcope 


178 Exact Planetary Synopſis MW - 
Teleſcope of only 2 Convex-Glaſſes, they always appear he Es 
the contrary Side of x. L | N — * 
Now the reaſon why Saturn and Fupiter have always z iſance, 
Face, is becaiiſe their illuminated Half is likewiſe urg d to ene 
the Earth as well as the Sun, becauſe the. karth ſeen Kal here 4. 
and & is always near. the Sun's Body, that is neat ; the C An In 
of their Motions; hut . of q lying near our moves 
is Face which is towards the Sun will not always be tte (a 
2 our Earth, this cauſes his Increaſè and Decreaſe the k 
Light. n Dr nm £7 
Becauſe M is 5 Times further off the Sun, thän the Bu in 
the apparent Diameter of the Sun ſeen from Fupizer- will ſircles, 
times leſs, than it is ſeen from the Earth, and will be eſe Me 
hisges than 6 1 which to us is 300, and the Disk fe non 
Sun will appear 25 Times leſs than it does to us, who ite fro 
likewile receive bur the 25th part of the Light and Heat HM YEN 
im that we enjoy. But Saturn being 10 Times farther front the m 
un, than we, the apparent Diameter of Sun ſeen from hin ays be! 
be no bigger than 3 Min. and will be but little more than ne kir 
the Diameter of &, when ſhe approaches neareſt to the artof | 
and therefore the Disk of the Sun, as it would appear to i but 
turnian Aſtronomer will be 100 Times leſs than we fee it, in Pe! 
oth its Light and Heat are there diminiſhed in the ſame PM e Os: 
jon, and therefore the neareſt Regions in Saturn, even ut the $ 
is Æquator are ſuppoſed muc cooler than our Frigid etrogr 

' MARS moves between the Earth and Fupiter, is of . Tit 
1 Color, and ſuppoſed to have an Armoſphere z becauſe bit: 
ixed Stars when near his Body appear obſcur'd, and e ©. 1 
were extinct, when in & to ©, he is very near our Earth, He 15 C 
- horizontal Parallax 37 . 34***, and is 2 Years, and on 
erween every Conjunction with the O. & inereaſes WM" fhi 
creaſes in Light like our D, and in his Quadratures is u ch e 
bi ſected. and when he is in Perigeon or & he is 7 Times d in 
er the Earth, than in Apogee or & with O, and is then the 
7 Times bigger and brighter. yea he is nearer us, than , ns 
© himſelf. In 1656, was obſery'd to have a broad obſcure lu MEF 
or Belt to Shadow near half his Disk, he may be eclipſed by ce 0 
Sun. 2 d, and d. ng! 
Au. In his neareſt Approach to the Earth, was moſt actu Y ne k11 
obſerv d. and his Parallax determin'd to be 30, from u nd 15t 
the Sun's Parallax is ſcarce 11**, and his Diſtance about 1999 * ſo 
midiameters of the Earth. | That 
Mars always keeps nearly at the ſame Diſtance from the pa 
but not from the Earth; therefore the Sun, and not the ear 
is the Center of his Motions the ſame may be ſaid of 7 That 
and Saturn. 2 5 | ſom th 
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The Earth has one Satellite, i. e. our 9, has a Conical Shadow, 
hoſe Vertex r not io, far as the Orb of Mu at a mean 
itance, the length o the Earth's Shadow is 214 Seihidiaimerbrs 
d the Moon's Shadow, but 58, and the Height of the Atmo- 


bhere 47. 12 Exglih. Miles. 


In Inhabitanc of che Earth. gblerves the sun, which is really 


moveable to go thro? the ſam Circle in the Heavens, and 
the ſame ſpace of Time, that 4 Spectator in the Sun Would 
e the Earth deſcribe, and the like in all the other Planets m- 
ti mudndis: thus one in * öuld think the sun turts round 
im in 12 Years, and one in h in 3e Tears, and in different 
ireles, ſince therefore *tis impoſſible that the Sun can have all 
eſe Motions really in it ſelf we may fafely affirm, that there 
e none of them real, but that they are all apparent) and 
iſe from the Motions of the Earth, and other reſpective Planets. 
VE NU s moves in an Orb between the Earth arid . She 
the moſt ſplendid;of all the Planets, and is a Year, and 219 
ys between one Conjunction, and another with the © of the 
me kind. that is 2 is conjoyn'd with the Sun in the Superior 
art of her Orb, when ſhe is in Apogæon direct, and always Orien- 
l, but when c6njoyn'd with the sun in the lower Part, ſhe 
in Perigeon, and Retrograde, and if her Latitude be leſs than 
e ©'s apparent Semidiamerer, ſhe will then appear a black Spot 
the Sun's Disk, the like of Þ z but between a Direct , and 
etrograde G with the ©, are only zoo Days; in the laſt, ſhe 
Times nearer us, than the' firſt, even the Diameter of her 
cbit: when ſhe becomes Retrograde, ſhe is always Occidental of 
e ©. very 8 Years ſhe is nearly in the ſame Place again, when 
e is Occidental, and near her Perigeon at her greateſt Elon- 


Lon from the sun, ſhe ſhines #6 bright, as to caſt a Shadow, 


id ſhine in the Day-time, as ſhe did 1630, Mey 29. at the 
irh of King Charie II. ſhe appears horn'd, Gibbous and Full, 
d increaſes' and decreaſes in Light, as our D. In Aay 26th, 
h the Year 1761: L will paſs by the Body of ©, whence the 
n's Diſtance may be aſcerrain'd within ' +5 part of thewhole. 
MERCURY being ſo near the Sun, is ſeldom ſeen, and in the 
ce of 13 Vears may be found nearly in the ſame Place, and 
$ 115 Days between one mean ff with O. and another of the 
ame kind, the Color of Mercury ſomewhat reſembles that of art, 
nd is too near the Sun, to diſcover many of his Spots. in ſo much 
at ſome yet. queſtion; whether he turns about his Axis. 
That Venus and Mercury in & with © by a Retrograde Moti. 
in paſs between the Earth, and ©. this could not be, if 
* Earth were the Center of the Univerſe. | 
That ? is never more than 48. arid F never more, than 280 
ſom the Sun,,which could not be, if the Earth were at reſt in the 
enter of the Univerſe. A2 2 The 


— 
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Vear in the ſame Plane, or Ecliptic- line, and is 1 


Summer, when his Motion is Sloweſt. 
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IV. The Chief Phznomena of the Suns 
I. The Sun's Center is obſerved to move en 


found to change its Courſe. 


Becauſe by the Laws of Nature, the Farth is always u 
in that Plane about the Sun. | Mal 


IL be Sun appears to be moved une ually, be 
Switteſt atter the Hinter Solſtice, and Sloweſt al 
the Summer Solſtice. 5 cr eg 


For the Earth is moved about the Sun, not in 'a Cir 
but an Ellipſis, which hath the Sun in one of its Focuj 
evident, becauſe there are about 8 Days Difference betwin 
Motion from J to =, and that from to T. 


III. The apparent Diameter of the Sum is pred 
in Winter, when his Motion is Swifteſt, than iti 


Becauſe in Winter he js in Perigee, or neareſt the Farth, 
in Summer in Apogee, or fartheſt from it. Hence the Diana 
muſt alter in Proportion to its Diſtance, and ſeeing the 


apparent Motion, and apparent Diameter, are found to ani *5 com 
to the Diſtance of the Earth from the Sun, when the fant} the ot 
computed, according to an Elli pſis, and not according w the 
Eccentric Circle, we eaſily gather, that the Orbit of the His 
is not properly Circular, but Elliptical. U. 
IV. Thoſe Places of the Ecliptic, in which thel tor 
ference of thoſe apparent Motions, and Diamta abou 
are greateſt, are chang'd in Proceſs of Time, and tl _ 
0 it u 


always with an even Motion, and towards the ( 
ſequent Signs. i ee 4 oe RE 


Becauſe the Apparent Motion of the Aphelion of the Hl 
is found to be Equal to the Annual Motion of the Equinodi 
Points, the Moderns have for very good Reaſon ſuppoſed 
J 4 ' 4 - N 3 i i dase £2 


Apbel 
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elia of the Stars to be unmoved with reſpect to the fixed 
but allow they appear to advange as faſt as the Equi- 
ial Points go back. | 


The Ecliptic being divided into two equal Parts 
the Equinoctial Points, the Sun makes a longer 
, by about the Space of 8 Days in the North part, 
ring to Autumn, than it doth in the South 
from Autumn to Spring. 1 ep] 


cauſe the upper Parr of the Ellipſe is not only confidera- 
larger, but the Sun's apparent Motion ſlower than in the 
r Part of the Ellipſe, hence the Sun muſt needs appear more 


ce, that this Inequality of about 8 Days is difterent from 
t it was in Pralomys Time, and will continually decreaſe, 
at length vaniſh for a Time, and then encreaſe and decreaſe 
ately, ſo long as the annual Morion ſhall endure, being 
eſt when the Line of the Solſtices coincided with the long- 
zis, and nothing when it coincides with the Shorter. 


I. Yet is the Space of one entire Revolution, 
h we call a Tear equal to it ſelf, or the ſame one 
r, that it is another, conſiſting of 365 Days, 5 


L 
hough there be an Tnequality in the Parts of this Revolu- 
as compared amongſt themſelves, yer ſeeing one Part gives 
the other looſes, and- this —— is always in the ſame 
, the Quantity bf the whole Revolution muſt neceſſarily 
ways the ſame, _ + $a 

II. The Declination of the Ecliptic from the 
ator hath been found nearly the ſame in all Ages 
about 23 * ; f 1 


o' it was accounted ſome Minutes more by the Antients, 
It hath been by the Moderns, probably occaſion'd by the 
uracy of their Inſtruments, and roo general Negle&-of 
tions, Parallaxes, Cc. yer by Modern accurate Methods, 
elinition appears always the ſame, and unvaried for what 
0 diſturb the Earth from keeping that Angle perpetually, 
ich it was once conſtituted. 

VIII. The 


in the Northern. than in the Suthern Signs; tis here worthy 
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Sp 
VIII. The Diutmul Parallax of the ger is amel of 
ſenſible, and its Menſtrual ſcarce afiſeth. unto! | 
quarter of a Degree, +001 vigil" FRO a 
W 

The Parallax of the Sun, may be found three ſeveral W 
1ft By the Diagram of Hyparchus uſed by all rhe Aritidht th 
nomers, who like Surveyors. attempted to find the Sutꝶ Dil - 
by two Stations, in each of which they noted its Diameter thi 
upon the Earth, the other at the top Point of the Shadow, Nolde 

No wonder if they fail d in the 1 pt: yet hence we! 
that che Sun's Parallax is ſo very ſmall, as to elude all At B. 
this way. ir conſiſting rather o Seconds than Minute upor 
that irs Diſtance is ſo immenſly Great, that it is to be rl. ; 00 
not by a few Miles; but many thouſand eee * 
Earth. Wain! 
2d Is by Obſervation of the Þ in her exact Quadratarl whe. 
by Kepler, Vendeline Ricciolus. which is an excellent Method, ali : re 
poſes the Semidiameter of 's orbit equal ro 60 Semidig ing f 
of the Earth might bear ſome ſenſible Proportion to e su. 
Difſtance tho? a fingle Semidiameter did not. Se Plate ih Perpe 
N. B. The Menſtrual Parallax of © 6 the 5. nce of: rn ov: 
on there is in the O, 2s ſeen from the Eart as ſeed me « 
the) in this Method. the preciſe Moment of Biſection of: rem 
and the preciſe Places of i the © arid 9, eſpecially the WINS: 
fo difficult to obtain to that Exactneſs neceffary deter and 
Difference only of a few Minutes occaſion d our belt Aeon 
* oo recur to. io the 
d. which is by far more gabe I. e. by the a ens 
* the 3 of & (or 9) diſcover'd by Fd, er, an 
braced and confirm'd by *, 290 Flanfteed,. and--othes, dmany 
found the Parallax of & 251 of the © 100, hence f when ! 


ſtance is about 81 es of r Kn and his Niameterfa burcing 
Miles. Mee wi is Si 
d this 2 


TX. That this San, who! he Center of hard 
= Fountain of Light and Heat, revolves abt 4 — 
own Axis in the Space of 27 Days, appears f © ' 


Spots; which have taken 13 Days from the I 
their Appearing or Riſing on the > Baf \ Limb; to 
Setting on the Ve, and after Setting, en 
ended in the oppoſite ide Wd ts 1 9 


onder 
Cold j Ir 
vr why 
uy tho 
Action 
ent, a 
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Space of 1 c_—_— in ber, Win 
ſame Co le, as before. 


X. Since in \ Super we 1 bn Goa the — 


when Miuter comes on, we begin to * 


rer to him, 18 it not 4 Wonder then g 


th grows warmer, while i it is {ill further hi ; 
the Suu, and again in the inter, why it 1 
older notwithſtanding its nearer Accels to him: | 


B. The rees of Heat and Cold depend not alto 
upon the Diſtance from the sun, but Herts are other a. 2 

od concurring Can ſes, as the direct force of the O's Rays _ 

ner is much Stronger than when they are received Ob 

Winter, moreover there are much fewer Rays, which ks 

icht not ſo dene, nor the Heat intenſe, as in Big. 4. Plate L 

A repreſent the ©, DIC Kc. Parallel Rays of Light 

ing from the O, Let L M repreſent ſome Space 2 the 

h's Surface, to which Place the © is Vertical, the Rays will 
Perpendicular, and take up the Space C K. But let the © 

moved from a Pe dic ular Poona ſuppoſe E F here 
ame Quantity of Rays will take up the Space K b. but let 
removed ye Further f from à Perpendicular Poſition as 
there the fame Quantiry of Rays will take up the 5. Span 
and conſequently it muſt be colder in the Laſt, than 

ond, and in the Second than in the Firſt. 

Iſo the Sun beipg low, near, or in the Horizon all Winter, 
terms paſs thro” # much greater uantity of Air, than in 
, and the force of rhe Rays is broke by the Reflections 
d many Particles of Air, and this Diffexence is ſo very Great, 
when the © is in 1 rizon, Nen upon him with» 
hurting our Eyes, g when he bee lach igher there is no endu- 
his Sight without linding us, 
this add another powerful Cauſe, which i is, that the long- 
y hard and ſolid Body is ex poſed to. the Fire, the hotter it 
s. Now in the Summer, for 16 Hours, we are continually 
he . s Heat, we have only 8 Hours to cool; the Con- 
of which happens in the inter, and therefore it can be 
onder, that = ſhould be lo great a Difference of Heat 
Cold in theſe. two Seaſons 


bu we ſhould, have the dete Rena about the End 
TW". tho! the. Sun has been leaving; uf above a Month, for 
Aion of the Sun, by Nohich all U Bodies-ars heated, is not 


ent; as its illumination is, but Permanent, ſo that x 
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184: The Thief Phænomena of the Sui 
| dy once heated by,.theSun, retains its fert for ſome Time 
the Sun have be on it, but eee theſe heat 
Particles fly off, or loſe their Force, the Body þegins to d 
and therefore if the heating Particles, which'are conſt 
received be more than they, which fly away, or loſe rheir k 
the Heat of the Body muſt continually encreaſe. Thus afte 
©, has entred the Tropic, the Number of Particles, which 
our Atmoſphere. does continually encreaſe, there entringy 
in the Day-time, than what we looſe in the Night- time 
therefore our Heat muſt grow greater. But then as the! 
decregſe, and the Action of the Sun becomes weaker, bod 
cauſe of his ſhorter Stay, and the Obliquity of his Rays 
there will at laſt be more-Particles, that fly away in the N 
time, than what we receive in the Day-time, by which n 
the Heat of the Body will grow every Day leſs, and the h 
and Air, will by degrees cool. 


en t 


V. The Irveftigation of the Su n's Entring the Equ 


In or near the Equinoxes, with a large and exact Inſim 
take the Meridian Altitude of the Sun, if it be equal 
Complement of the Latitude, the Sun is that Moment it 
Equator, but if it is not equal, take the Difference, which ul 
rhe Sun's Declination, then the next Day obſerve agil 
Meridian Altitude, and gather from thence his Declinat 
theſe two Declinations be of different Kinds, as one Su. 
ther North: the Equinox happens ſometime between thei 
ſervations, or if they be both of the ſame Sort, the Sun 
ther not entred the Equino@tial or has paſt it. 


Now each Day ring the Suns Declination afore fou 
his Longirude anſwerable for the Day before, and the 

ter the Equinox, both which Longitudes add, and fay # 
Sum is to 24 Hours, ſo is the firſt found Longitude 
Number of Hours, and Minutes between the firſt Obſen 
and the Moment of the Sun's Ingreſs to the. Equinotw 


VI. The Phenomena of our Moon. 


As the ) by reflecting Light from the Sun illuminats 
Earth, ſo the Barth does more than repay her Kindnebl 
lightning the Surface of the Moon. by the Sun's reflet 
which ſhe diffuſes more abundantly upon the Moon, i 
Moon does upon her; about 5o Times more, our Earth # 
ing to the ), 30 Times bigger than the ) to us. In e 


— 
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illuminated Hemiſphere of the Earth is fully turn d towards 
Moon, to \illuminate the Mgon's dark Hemiſphere, and 
en the Lunarians will have à full. Earth, as we in a fimilag 


| 
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dition, have a full Moon, from whence ariſes that dim Light, 
och we ſee in the Obſeure Part of the Old and New Moon 3 1 
u ereby, beſides the bright and ſhining Horns, we can perceive + 
e reſt of her Body. OT EE I: 
1 8 e 20 — N „„ : {2 . 
* i 2. The Light of the Moon is ſo very weak, even in | 


FB 
— 
e 
* — — 


e Full, that the leaſt Heat could never be perceiv d 


0 Heat | 
nit, the Moon's Light has been computed to be 
more than rs$85s Part of the Suns Light, and if the 


= = 


us Light be 7 Minutes coming tc us, the Moon's 
l come in 2%; and 49" "5 eee: Logs 
z. The Moon may be obſerv d in her higheſt Alti- 
de, greater than the Sun's greateſt, and in her 
eſt Altitude, lower than the Sun's loweſt Meris 
an Altitude; becauſe of her Latitude of above 5®, 
her North or South, and the Moon's Denfity is 7 
imes the Denſity of the Sun, alſo if the Sun's Dia- 
ter be 763, 460 Miles, the Moons Diameter is but 


15 | FEE 
4. 'Tis Probable the Moon bas no Atmoſphere about 
For the Planets and Stars, which are ſometimes 
Fa very near her Limb, have not their Light refract- 
as it is when it paſſes thro our Atmoſphere; moreo- 
r, when there are no Clouds in our Air, the Moon | 
aſtantly appears with the ſame Luſtre. Hence we I 
ay ſuppoſe no Clouds nor Vapoyrs in the Moon, 
ich would obſtruct ſome of its Regions from our 
pht, which we never obſerve them to do ; yet ſome 
gue from the great Eclipſe, April 1715, that it 
5 an Atmoſphere, becauſe one might bear looking 
the Sun, while the Eclipſe was coming on, for the 
ays came-then by that Side of the Moon, on which 
e Sun had lately thone, and conſequently had raiſed 4 
me Vapours there, — needs W a 
| un's 
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186 The Phænomena of our Moon! 7 
Sun's Rays; but when the Moon was going from ll 6. 
Sun, then looking to the Sun was not tolerable, t 
Eye being dazled, but the Rays, which paſs'd by ic ca 
Side of the Moon, on which the Sun had not ſha 


for near 15 Days, which made the Atmoſphere yer: 1 
clear of Vapours. es 


5. 4SyNores1s of the Motions of the Earth's $ 
TELLITE, or Our Moon. 


1 A Pay — — 


= 8 D. H. l. | pe al 
Periodic Revolution about the Earth and | | 
about her Axis. 27 7 13. 


— 


Earth in Perihelion 857 19. 


Sy nodical Revolu. Earth in Aphelion 95 ** 1 
| | | } 
Inclinacion of her Orbit. | | Deg. 5. 18, ſs, wl 


of Eclipſes. as... ly (þ 
But according to Whiſton, for the mean 


Revolution of the Nodes, and Period 
Time of the Return of Eclipſes. 


18. IN. 7. 44 ha 


a 


« | Longitude. Deg. 13. 10. 
Diurnal Motion in _ < Anomaly. Deg. 13. 
. yp e 
If her mean Diſtance from Farth be. | 100. Wat; 
| Apogeon Diſtance is' | Jo7. | 
Then her < perigeon. 91. b Ar 
8 Eccentricity. 7 ecte 
Leſs than our Earth Times. 5 yo, a 8 
Farth's Semidiameter. mak bf : 
Moon's Semidiameter. 8 at mean Diſt. is. | in! 
| | Irds t 
Apogeon. 51. 
Horizontal Parallax in 5 —— 56. ecauf 
Perigeon. 61, i 
| Apogeon. 7 1. str 
Apparent Semidiameter in e Di. | I5- ) Fo th 
| Perigeon. 16.) 
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6. The Moon revolves continually from = to Eaft, 

d this almoſt in the ſame Line with the Sun, which 

e call the Ecliptic. of 
vet, this notwithſtanding. it is not moved exactly in the 
me Line with the Sun, for ſbmetimes it declines ſeveral De- 
ees more from the Equator, than the Ecliprtic doth, and 


„ü 


7 


| i 
, 7 


metimes ſeveral Degrees leſs. - - - - 


7. The Moon ſeems daily to put on a new Face, 
metimes tis Invifible, and when it becomes Viſtble, it 
pears firſt Horned, then Biſected, then Gibbous, 
en Round, and then puts onthe ſame Shapes again, 
it in an Inverſe Order. 4 1 


For that Half of the Moon's Body next the Sun is enlight- 
d by him, whilſt the other oppoſite Half is involv'd in Dark- 
ſs, which is turn'd wholly to us in the new Moon, as the 
lichtned Half is wholly facing us in full Moon, berwixt 
ich. we ſee more or leſs of the light Hemiſphere, and accord» 
ly ſhe appears Gibbous, Biſected, or Horned. © 


8. Tis obſery'd, that the Sun is Eclipſed, when the 
oon is Inviſible, and never elſe, and that the Moon 
elf is Eclipſed, but never elſe but when tis Round. 
9. The Dark part of the Moon, both when tis Hor- 
d, and when either it ſelf, or the Sun is eclipſed 
not wholly Inviſible, but yields a certain dim, dif 
il, and reddiſh Light, probably occaſion d by the 
lected Light from our Fa 


S*- VE 
* 


rth aforeſaid. 

10. The Eclipſes both of Sun and Moon, do not hap- 
nevery Year in the ſame Places of the Zodiac; 
t in Places removed from the former gradually to- 


nds the Antecedent Signs. 

Becauſe the Nodes 20 backward every Year. 

11. The apparent Diameter of the Moon is not al- 

s the ſame, but Greater and Leſs by turns, and this 
B b 2 | | + 4 with 


| 
| 
| 
. 
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188 -The Phenomena of bur Moon, 
with a Difference very ſenſible, according to ber tif 
rent 882 ei 2011-04 Borges of 
12. The apparent Motion of the Moon, is not 
ways equal, but Greater and Leſs by turns, and t 
likewiſe with a Difference very ſenſible. 


* 


Becauſe of the Elliptic Figure of her Orbit, and Chang 
its Eccentricity. 4 Re h 
13. The Moon's Daily Motion is ſwiſteſt (c 
ris paribus) in the Conjunctions with, and Oppoliti 
to the Sun, and ſloweſt in the Quadratures. 


Becauſe the Eccentricity is abſolutely the greateſt in the ( 
junction of the Apſides. | „ 


14. The Place where the Moon appears the la 
and its Motion the ſloweſt, is not always found! 
the ſame Degree of the Ecliptic, but removes i 
b W 
, Becauſe the Apfides advance ce towards the Ooni equent'ig 
15. The Latitude of the Moon is, mutable, i 
times Greater, ſometimes Leſs in the ſame Degree 
its n Longitude, according to its various, Sn 

tion with reſpect to the Suiun. 


1 USING rn 1 has & 
This Inequality of the. Inclination of Moon's Orbit, isow 
to the Regrels of the Nodes. IT OR 


16. The Orbit ofthe Moon, ſometimes ap _ 


in - ſome” "Meaſure unto the Circular Figure, ol 1 
while again recedes from the ſame, according to de 
divers Situation with reſpect to the Sun. xy 
: | LETRAS EE LC Ps v7 ay 33>0H 5 4 ' tituc 
Becanſe of the Change of its Eccentricity. lo v 
+ 2 | | v; 


17. The Motion of the Moon is very unequal, x clipt 
is it like to it ſelf, whether we compare divers 4 
bt: - 122 1 ni % 7. ue Ph. 3 1 
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the ſame Month, or the like Parts of divers 
onths. | ne ATI 


\nd truly no Wonder, becauſe of the various Changes of 
entricity, Apogee, Aphelia, Nodes, true Velocities, Variatis 
no way connected together atnotig them ſel ves. 


18. The Moon is always found to paſs bet wixt the 
uth, and the reſt of the Stars, whether Fixed or 
ratic, nor has it ever been obſerved, that any Star 
od betwixt the Earth, and the Moon. 

The ſame Face of the Moon, is in general always 
md to the Earth; yet are there various Librations 
the ſame Face, ſome Parts are diſcovered, and hid- 
n alternately. | ITY 


The firſt Part is plain from its Diurnal Motion about its 
i in the very ſame Space of Time, as is the Periodic Month; 
ereby as much of its Face is turn'd to us, as 1s turn'd awa 
m us by the menſtrual Motion nedrly, which ſometimeés is 
ater, and ſometimes Leſs, and we viewing it from the Fo- 
of a variable Ellipſe occaſions thoſe reciprocal Librations; 
to which add the Conſideration of the Inclination of the 
ce of the Moons Equator, to that of its Orbit. 


IL To find the Parallax of the Moon. 


In an Eclipſe of the Moon, obſerve when both 
Horns are in the ſame Vertical Circle, and then 
that Moment, take the Altitudes of both Horns, 
e Difference of theſe two Altitudes being halved, 
d Added to the leaſt, or Subtracted from the Great- 
does give nearly the Viſible Altitude of the Moon's 
enter; but the true Altitude, is nearly equal to the 
titude of the Center of the Shadow at that Time. 
ow we know the Altitude of the Center of the Sha- 
W; becauſe we know the Place of the Sun in the 
cliptic, and its Depreſſion under the Horizon, which 
Rs ET * 1 DER 18 
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is equal to the Altitude of the oppoſite Point of 


rallax, which will therefore be known. 


rent Longitude is found by obſerving the 


the Star is in the goth Degree of the Eclipty 
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Ecliptic, in which is the Center of the Shadow, oil fla 
therefore we have the true Altitude of the Moon, oil in 


the apparent Altitude, whoſe Difference is the] 


All 
ht of 
the Li 


Thi 
ht in 
inter 


By the * and real Longitude of a Phzy 
menon, the Parallaxes may be e Hy 
iſtance 

a Phænomenon from two Fixed Stars, whoſe Log 
tudes and Latitudes are known, and the true Ia 
gitude is had by making the ſame Obſervations, wk 
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he Me 
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w thi 


where the apparent, and true Longitude eoincide, 
G. OR OL LAX. 


Thoſe who can attentively View the Wond 
Beautiful, and Admirably contrived Structure ofti 
our adjoyning Planet, with its Sea and Land, Mou 
tains and Valleys, Day and Night, Summer u 
Winter, together with its Clouds and ſuppoſed At 
ſphere, all in Correſpondence to our Earth, v 
is every where full of intelligent Beings, its I 
habitants; and yet ſhall peeviſhly. deny, that! 
either now is, or ever was, or is to be in like mu 
ner inhabited by ſuch intelligent Beings, and 
reſolv'd, it ſhall have no other Uſe, than toenligt 
en our Earth, and be peep'd at thro our Teleicops 
feem to me too Unphiloſophical to be argued with 


rx, tt 
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. The Doctrine of ECLIP'SES ex 
plain'd, and more fully conſider d than 
in Page 135. Cc. | a 


All Opake, and Dark Bodies, when expoſed to the dired 
he of the Sun caſt a Shadow behind them, that is oppoſite 
the Line the Sun is in. 


| This Shadow is nothing, but the Loſs, or Privation of 
ht in the Space oppoſite to the Sun, by reaſon the Sun's Rays 
intercepted by the Opake Body. 


Since the Earth is an Opake Body, it muſt likewiſe caſt a 
low towards the ſpace Oppoſite to the Sun, in which Space, 
he Moon ſhould come, it muſt neceſſarily be darkned, and 
the Light, which it had before from the Sun. 


, Becauſe the Earth is Spherical, the Figure of the Shadow 
uld be Cylindrical; if the Earth and the Sun were of equal 
neſs, or if the Earth were bigger than the Sun, the ow 
d have the Figure of a Cone, which had loſt a Piece at 
Top or Vertex, and the farther it were extended would 
w thicker and thicker. 


In both theſe Caſes, the Shadow would run out into in- 
te Space, without eyer having an' End, and then it would 
olye ſometimes the other Planets &, , and h within it, 
n'they come to be oppoſite to the Sum, and enter within 
t Space. But this is never obſery'd, for then theſe Planets 
uld be eclipſed. 


Therefore the Sun muſt neceſſarily be greater than the 
h, whoſe Shadow muſt conſequently be of a Conical Figure, 
end in a Point before it reach any of the other Planets : 
e ſame Way of Reaſoning may be applied to the Moon, 
ich alſo has a Shadow of a Conical Figure, into which when 
bart of the Earthldoth come, that Part is thereby depriv d of 
= Beams, and to the Inhabitants thereof, the Sun appears 
p 5 | 


 Befides the Shadow, which is deprived of all the Sun's 
ft there is a certain Space all round it, which is but a par- 


Shadow, and is called a Penumbra, for tho* all the Sun's 
ly does not illuminate it, there are for all that Rays —_ 
| rom 
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moved from the Shadow, the nearer the Shadow, ſo much 


Earth, the Shadow of the Moon can't reach the Earth, in which 


from ſome 2 of the Sun, which do enter it, and render 
cid, the reſt of the Sun Beams being intercepted b the 
Body, and the Parts of this Penumbra will have differeny 
grees of Illumination, according as they are nearer or furthe 


rker. | 
* The Height of the Earth's Shadow, at a mean Difh 
214. 8 Semidiameters of the Earth, and the Height of the 
Shadow; but 59. 36 Semidiameters, being in Proportion to, 
other, as the Diameter of the Earth to the Diameter of 


— * 


Moon i. e. as 100 to 28. 


9. If the Diſtance of the Moon from rhe Earth, be pn 
than her mean Diſtance, which is about 60 Semidiameters of 


there may be a central Eclipſe of the Sun, but not a Tou 
For round the Moon, there will appear part of the Sund! 
in the form of a Luminous Circle, which like a bright ſui 
Ring of Gold, will embrace the Body of the Moon, thij 
nomenon is call'd an Annular Eclipſe of the Sun. 


10. Theſe Annular Eclipſes happen when at c the k 
near her Apogee, and the Sun near his Perigee, then my 
apparent Diameter of the Sun, a little exceed that of hell 
and ſuch an Appearance C/avius obſery'd at Rome, on 


Day of April. L567. 


11. If in the Time of the Eclipſe, the Moon's Anon 
leſs than 5, and, more than 9 Signs, there can no wien 
total Eclipſe of the Sun, for in all theſe Degrees of Anat 
the Diſtance of the Moon is greater than her mean Diſt 


12. In total Eclipſes of the Sun, when the viſihle Dun 
of the Sun and Moon, are equa at viſible , then no ſoon: 
Sun's Light ſhall ſhut on the Ezft Side. but it emerges on tie 
Side, and if the Moon's apparent Diameter be greater thn omen 

1 fn iptic 
ing 


d be i 


of the Sun, then will the total Darkneſs continue 
never above 5 Minutes in any one place. 


£3. In Lunar Eclipſes, if the Sam of the Moon's th the 

3 Greater than, y (as 1 

and Semidiameter be- Equal to, the Semidiamet Cond; 

' Leſs than, | terpoſe 

the Earth's Shadow the Eclipſe will Perpen 

3 —— or — than to th 

otal, or equal to | 12 Degits- Mous | 
Total with Continuance or above) 


P EASY EF. 


. But then thoſe Rays, which paſs thro' the upper part of 
tmoſphere, ſeeing they are ſubject to leſs Reftaction, will 
ſo ſoon meet together in a Point, but they will have 
| far beyond the Moon firſt, and thus it is, that the Eclipſe: 
e Moon is cauſed, in which conſequently the Moon is not 

r'd wholly inviſible, but only of darkiſh Hue, the Ter- 

al Atmoſphere bringing that kind of Obſcurity whilſt on 

ne Hand it deadens, and wholly ſtops the greateſt Part of 

jolar Rays, and on the other tinges the reſt with a dark 
direful Color. ie 


The middle Time of Eclipſes, or the neareſt Approxima? 
of the Centers of the Sun and Moon is not the very Mo- 
of the New or Full Mon; but a little before or after, 
ding to the Moon's Latitude and Pofition of the Nodes, 
conſider, if the Sun were moved in the Ecliptic, in the 
while, that the Moon reſted in her own Orbit, the mid- 
oment of Eclipſes would be in a plane Perpendicular to 
cliptic : Again if the Moon were moved in her Orbir, the 
being unmoved in his Orbit, then the ſaid Moment 
be in a plane Perpendicular to the Lunar Orbit; but 
oth the Sun and Moon be moved, and with unequal Ve- 
(as 13 to 1) then the middle Moment muſt partake of 
onditions, and conſequently be in ſome Plane, which 
terpoſed betwixt the two former+and: that 13 Times nearer” 
Perpendicular to the Lunar Orbit, than to the. Perpendi- 
r to the Solar Orbit or Ecliptic; but this Difference, the, 
nous Flamſteed, has rr removed, by his Table — 
0 e 


+ 


— — 


the Angle, made with the Ecliptic, by the Motion of the jj 
from the Sun, which becauſe it reſpects rhe moveable 0 
ters of the Sun, and of the Earth's: Shadow determines the} 
gle always greater, than the greateſt Inchnation of the lu 
Orbit to the Ecliptic./') 1 lt uni 5 3 


17. The Difference betwixt Eclipſes of the Sun and 
in ſundry Particulars follow. The Eclipſe of the Moon hy 
ſame Appearance to all the Spectators, at the ſame Inſtant; 
the Eclipſe of the Sun may appear in one part of the Fart 
tally obſcured: in another, but in part on its North Side; 
3d, on its Sour Side; and in many other Places, no Eclipk 
all; and all this at the ſame Moment of Time. | 


18. Hence Eclipſes of the Moon, may be reduced to ay 
ther Meridian, by allowing the Difference of Time after 
Calculation is ended; but an Eclipſe of the Sun muſt be. 
culated for every different Meridian to obtain its tru} 

rance: wherefore, change the Time of the true Conjud 
on by the Tables into the Time proper to the other Meri 
by allowing its Difference, to which Time and Place, fin 

Parallaxes Cc. for the Parallax of the Moon differs in g 
Climate, on which Parallax the viſible Eclipſe of the dug 
cipally depends. 


19. In Lunar Eclipſes, there being a true Loſs of Light 
no matter from what Place of the Earth it is ſeen, it vill 
be the ſame, but in Solar Ecliples, there being no true lob 
Light in the Sun, and no more, than an Intercepting d 
Light, by the Moon coming between, it will neceflariy 
different; according to the different Poſition of the Obſen 
tis not the Sun, but part of the Earth, over which, the Mi 
Shade paſſes, is in. Darkneſs, and therefore ſome call it nl 
an Eclipſe of the Earth. 

- 


20. The Calculation of a Solar Eclipſe is much more i? B. 
ficult, than that of a Lunar; becauſe in a Solar Eclipſe, ry Ye 
is ſo great Difference betwixt the Parallaxes of Sun and l e, t 
according to their different Altitudes, nay during the en 
Time of the Eclipſe, they are changeable and perpetually dun 
ed. both in Longitude and Latitude. likewiſe — which ! 8 
malies of Appearances we being free in Lunar Eclipſe! "po 


Calculation muſt needs be more eaſy and exact. 


1 
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1. In Lunar Eclipſes, the Moon enters the Weſt part of the 
low, with the Eaſt part of her Limb, and in the End, ſhe 
yes the Eaſt part of the Shadow, with the Weſt part of her 
b; but in Solar Eclipſes, the Eaſt Limb of the Moon will 


| cover the Weſt Limb af the Sun, and the Weſt Limb of the 


Mon. will laſt uncover the Eat of the Sun, the Sun's Eclipie 
bes ſooner to thoſe that inhabit the Weſt parts, and later to 
ne; ſe more Ezſterly, becauſe the Moon's proper Motion from 
ah to £2. is lwifter than the Suns, near 13 Times, and there- 


e it begins on the Weſt Limb of the Sun, which Part is firſt. 
ored to Light again, and if the Moon's viſible Latitude be 
th, the North Part; but if South, the Huth Part of the Sun' is 
kned, hecaufe the Moon intercepts the Light of the lame Side 
the Ecliptic the Moon appears, ky 2 


+. There are, reſpecting the whole Earth, more Eclipſes of the 
than of the Moon; but in reſpect of any one given place of 
Earth, there are much fewer viſible Eclipſes of the Syn, than 
the Moon, for the Shade of rhe Moon, is leſs than; the Shade 
the Earth, and conſequently the Former will not fo often 
olve any given Place of the Earth, as the latter will ſome. 
t of the Moon : The Moon oftner takes away the whole Sun 
m the Earth, than the Earth takes away the whole Sun'from 
Moon ; the Body of the Earth being larger, receives. more 
nfits of the Moon's Shadow, than the Moon of the Earth's Sha- 
, and becauſe the Sum of the Semidiameters gf the Moon 
Earth is never leſ than 54 min. and the Semidjameters of 
Sun and Moon, never greater than 34 Min. the Eclipſe of 
Moon may happen in a greater Latitude of the Moon, than 
Solar, and in reſpect of one, and the ſame Place upon the 
h, the Eclipſes of the Moon will be more frequent, tho* 
wiped of the whole Earth, Solar Eclipſes may exceed in 
mber. | | <3, 


. Becauſe for many Days together. the Sun's Place is once 
ry Year, but a little diſtant from either Node. during which 
e, there generally happen two SHzzgies, in which the 
on will both hide the Sun from us, and the Earth. will hide 
dun from it, hence generally there are 4 Eclipſes, which are 
ater, the nearer any New or Full Moon. happens to the 
des. In a Year there ſeldom happens leſs than two or more, 
16 Eclipſes, and when two they are always of the Sun; one 
ode his Apogee, and the other after. 


Cca 24+ Some. 


196 The Doctrine Eclipſes 


24. Sometimes the Sun may be eclipſed more than 12 U 
and the Moon above 22, the Sun is ſeldom totally eclipſe 
one Place, the Moon often, and the greateſt Shadow of 
Moon, is not above 200 Miles, being the greateſt Dif 
Diameters of the Sun and Moon, which according to the 
liquity of Horizons may be greater or lefs * 


25. For the beſt, and exacteſt Method of calculating: b beet 


See Doctor Gregory's Aſtronomy, Book 4. Sect. 7, 8. Han 
Doctrine of the Sphere, at the End of Sir Fones Moor's 5. 
of the Mathematicks, alſo X%il's Introduction to Aſtron 
Lect. 13, 14, or Laſtly. F#hifton's Aſtronomical Lectutes, which 
Namſteed's Tables for Calculation. 28 | 


26. Eclipſes are not more frequent nor diſmal in ourTi 
than in Apes paſt, for where no Change is in Cauſes, thei 
neceſſarily no Change in Effects, nor in them is any thing( 
nous or Preternatural : being no more than the neceſlar 
ſult of the Motions of the Sun and Moon. © 


27. Solar Eclipſes are very different each from other, not 
y becauſe of the unequal, and uncertain Motion of ters te 
oth true and 3 pareDF, the greater or leſſer viſible Latin 
the Moon's Diſtance fr the Sun, and unequal Dilt 
of both the Luminaries from the Earth: Hence the Ei 
may happen pretty near the ſanie Time and Place; yet! 
will not for the above Reaſons, be of the ſame Quantity, 
Duration 3 for this Rule is certain The Heavenly Moti 
are Incommenſurable among themſelves. nor have the ns f 
-- Phznomena in every Reſpect return'd alike in any Plz WW 


28. Eclipſes are of manifold Uſes in ſundry Branches oft 
Mathematicks, as Aſtronomy. Geography, Chronology, and 
vigation, to correct their Tables, Maps, Globes, Account 
Time, and contribute very much to the Diſcovery of Lat 
tude, both by Sea and Land; by the Wings of Eclipſe! 
Parallaxes. the Mind of Man flies up, and penetates inte 
C oc 1 5. Bas 


N 1 


iy 
. To Olferve the E CLIPSE of the 
SUN, wirbour Hurting the Eyes. 


some fimply prick 2 very ſmall Hole with a fine Needle, in 
Sheer of Paper: Others wiea Looking-Glaſs, but a better wa 
with colour'd or ſmoak d Glaſs, which defends the Eye from 
Beams of the Sut1, or by a Burnhing-Glaſs, refleting it on 
lan Sheer of Paper, keld twice as far from the Paper as 
Burning. | 11 | 


re follows an eaſy and cheap As xRONoOMICAL 
ArPaRatus, for Oſervilng E TLT SES. 


Prepare u Sheet of Paper, whereort draw a Circle ahout 6 
ches Diameter, divide its Cireumferenee into 360 equal Parts 
d its Diameter by 6 Concentric Citeles into 12 equal Parts, for 
ſhow the Digits, and another Diatheter for Decimal Parts 
o an 10%, whereby. the Proportion of the Light and Dark 
rts to edch other, may be known: the 360 on the Li 

y ſerve to determin the Inclination of the Cuſps of the 
de, this paſte on a Board, which affix to a Teleſcope, ſo as 
de Perpendicular to its Axis, and at ſuch a Diſtance; that 
Image of the Sun may exactly fill the outmoſt Circle of 360. 


en rule a Paper like # Sutyeyor's Field. bock in 9 or 10 Co: 
ans for the Uſes tabationed esch Colin. 


Obſervatious 


| - 2 — 
— 
— : wn Moo <ooocolds 
__— = 
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Obſervations Com- 24 | | | {AftronomicalChighl 
mon tothe Eye, S || | 4 vations, As 
As 8. E a ' 

esel SEL 5 

Appearances of | thefS|S| RISC Sun's Azimuth. 
Sky. ESS Inclinaci. of che Cij 

Color of theEclipſe: E — ES sSemidiameter of the 

Stars ſeen. 1814425 AEG whether. _ 

Candles lighted. 812 15 = = 802 Bigger or Leſs, thun 

Birds flying to their 20 — — ESE Sun's Semidiamag 
Neſts. = Whether encreaſeʒ 

| | decreaſes. 

F 1 Whether the Moon 
11 ei an Atmoſphere; 
| | | cially to be ohle 
| . in total Eclipſe | 
x | | the Sun, by red 
of Light juſt ben 
| |. andafrer, the ſil 

tal Darknefs. 
How long ſuch are 

I dle. 6 


Being thus furnifh'd, get a Room well darkn'd, and |:t! 
Light into it any where, but thro* the Teleſcope, whid! 
ſometime before the Eclipſe begins, on a Surveying Inftrun 
or the like with a Ball and Socket ; that it may move high 
or lower, or to any Point of the Compaſs to ſuir the Sun'sM 
rude and Azimuth, then appoint one to attend the Commend 
ment of the Shade, its Progreſs Increafe and Decreaſe, bt 
Digits and Decimal Parts; let another watch the Time h 
Pendulum, Watch, or Clock: à third mind the Sun Dial by 
Hours and Minutes: a Fourth mind the Sun's Altitude 
a large Quadrant, or by a Gnomon, and End of its Shadow, u 
ther Wall or Stake, all which Accounts, regiſter in their pr 
per Columns, principally noting not only the Beginning u 
Fnd of the Eclipſe, but alſo of total Darkneſs, when alſo « 
Digit 1s eclipſed, and Angle of Incidence, if the Ait | 
clear, and will permit. ad. | 


A Tibh 


C73 


hen Stationary 


le at the Sun w 


Is 
ro Retrograde. 


F 1 A 
— E 
pd 


— — 


227 


TO Sn 
. 4 Tanrr Of the SrATTON S of the 
PLANETS * 


— — — 
8 © | [5 8 3 1 8 *o 
: 5 8 3 ja | $ 
| 2 2 3125 2 F 
8 — 8 8 8 
5 2E 88 S «© al 
9 Is. 15812 88 8 
— = U O S WO=| Rt = 
"3.07 = |2&x|6& jon 1832 
9 02 |£ E lis [Bol ©. | &Þ 
32813 2 1 248. ie ww SE 1 
4 E SI 8 = 8 0 5g 2 
2 2 8 uw. . 8 S 2 i = 2 
2803 I 3 88 808 5 Oz | v5 
— 2 1 g . 2 5 8 
= A Ss 2 | os | 
2 8 - wo ; 8 © wa 8 28 2 | Q 5 
< JA j< | w © a < * 
|< | 14] 66 | 7 08 18d 168 180 0 
| 53k 120 534 Io 116 180 116, 180 O 
— — — — _ - your — —-—t 
S 20 
224 80 22428 19 135] 180] 135 180 0 
10 
a 180 & . & ©] 
I5| 46 | Is 18 28 | 48 | 28 Sunwhen when Di- 
Retrogra.] rect. 
a 1380 f o. & © 
32 |24 | 32 | WM 16 | 22 | 28 | 22 Sun when [when Di- 
Ic 84 | A rect. 
— 2 Fay LF. 


The middle Direction happens in the & with the Sun, and 
* Stations in or about the Octants: the middle Retrogradati- 
in the Oppoſitions, and that they always fall thus, and ne- 
rat other Times, is a thing that neither is nor can be deni- 
| Fomondus, one who was averſe enough to the Annual 
"on of the Earth, ſaith, The Annual Motion of the Earth is 
mand by the Copernicans by no Argument more Probable and 
| Hec ions 
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00 The Stations of the Planets. 


Hecious, then that of the Station, Direction, and Retrogradation of the f 
2 * plain if the Spectator remain unmoved, tho 
of the Center, and thereby equal Motjons may appear uneq 
yet the Object can never be ſeen to go backward, or ſtand jj 
unleſs the Place of the Spectator is likewiſe moved. 


Becauſe the Retrogradations of the Planets, are not real 


themſelyes; bur only apgear ſo to us at the Earth, cauſed N. 
the Earth's, Motion; therefore by Reaſon of the various Pof ir 
ons of che Earth at different Times there cannot be any cem 2d 
univerſal and perpetual Rule given in Numbers: yet the ll 
ing Table will be ſerviceable, of which the Title of u 
Column is a ſufficieng Explanation. i 
Finglly, Tho' the Planets by their proper Motion advance fi 5 and 
Weſt to Eaſt; yet ſometimes they: ſeem to tend the conti 
Way, from Eat to ht; before which Change they ſeen! 
reſt a, while, tarrying ſome Days in the ſame place, their lu #UP 
an is very unequal, their ſwifteſt Progreſs hen in Conjunk oo 
an with, the Sun: and their ſwifteſt Regreſs, when, in Oppo n 
on, at which. Time — — udes conſiderabhe 
creaſe, eſpecially, in Mars and Fapiter. Tho? all theſe Planet 5 * 
to be found in the Bounds. of the Zodiac, yet ſeldom areth 
in the Ecliptic Line it ſelf; but decline North and Sub in 
it; which. Latitude. or Deviation is different amongſt then ij 8 
and tho the Places wherein theſe Planets cut the Ecliptic Thi 
continue the ſame, with reſpect to the Bixed Stars, yet tf ing i 
forwards continually in the Signs: of the Zodiac, Alſo WP” * 
laces,. where. their. true Motion is ſloweſt. or ſwifteſt, conti ee 
ſame with reference to the Fixed Stars; but as to the M Ein 
tic, then ſeem; to be transfer 'd is conſeguemia. Alſo the Mn 
r108, Hlanets i. e. S urn, Fupiter, Mars, may form to us all ky * 


with the Sun, yet the Inferior uu and Mereuey-formi 

p much as a Sextile; none but a Conjunction, which is cit 

in the upper or oppoſite Part of their Orbits, and ſometin 

o* ſeldom, both Anus and Mercury,may be interpoſed betvil 

e sun and Earth in the form of Spots upon the Diſcus ork 
of the Sun, as aforeſaid. | | 


201 


1 | 
"Mil. 4 Syno rag ef of the Satellite, Moons | 
i and qpiter. vi 
* Names. Peg from imperial kran 
ol ITURne iſh Miles. D. H. . 
bnd next sate! ' 09 I 21 18 264] 
7 | 2 17 41 10 11 
3 4 Iz 5 e 11 
| 5 and outmoſt. 79 746 07} 3 
tr 8 il 0 
a! fo 1 : 7 iy 
— and next Satel. 1 1828 364 2 11 
E | Sri 11 
7 9 ' 1 
* and outmoſt. 16 1 + Iz 4. | 4 
| — — — — f 1 
1 
n Satellite may have Latitude; ſo as to free it from Il. 
ing into Fupiter's Shadow, as in the Year 1684, Ofober, No- " _— 
„, and December, elſe every 1 in one den, 11 
1 wire hid from us ; beſides when it falls into Fupizer's Sha- 14 
* „Hrſt, when in „ with Fupiter, tis as a Spot bo- | 1 
een us and ꝙ when . te de be oppoſite Fir VE 
1 — map 7 inner wen ay and Eclipſe i it, tho* the Shadow of TH 
Ni de intire y free from it. | | 
iche 1 . 1 
10 k | 
1 | 
A! 
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XIII. The Phenomena of be Satellit 
Moons or Attendants of Saturn 4 
Jupiter. 


1. Theſe Secondary Planets fall ſhort of their i 
cipals in refpe& of Magnitude ; that before the 
ot Teleſcopes, which was not until the laſt Age,th 
were wholly unſeen and unknown. 


2. They do not always offer themſelves to theSy 
of him that looks thro a Teleſcope; but do ſomein 
wholly lie hid. 2 


711 


Becauſe they may be — by their Principals, or one 
ther; or may be in the Shadow of their Principals, or whe 
tween us and their Principals will appear as a Spot hard tobe 
ſtinguiſhed ; ſuch Eclipſes happen to them after the ſame] 
ner as they do to our Moon. 


3. Theſe Moons in general are each of then | 
both Sides its Principal, that is, are ſo ſucceſſ 
ſometimes on the Right, ſometimes on the Les 


Becauſe they reyolve about their Principals. | 

4. They are continually changing their appat 
Diſtances from their Principals, and wander fromtht 

ſeveral Ways. | 
For the Reaſon mentioned in the laſt. 


5. Every one of them hath its certain prope! 
mits of Excurſion, which it never goes beyond, i 
which are alſo altogether different from the Lin 
of other Planets of its kind. 


UI * 
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Which ſhows the Diverſity of the Curvilinear Paths, wherein 
ey ſeyerally circulare about their Primary ones. 


6, Theſe ſmall Planets in their Motion go by tutns 
je contrary Way, to that which their Principals go, 
cy ſeeming to us ſometimes to tend from We/t to 


if, and ſometimes again from Eaſt to Weſt.  . 


Which they muſt needs do to us, who. view; them far with- 
the Compals of their Orbits, whereas to an Eye placed in 
eir Primary's. they would both in Truth and Appeafince re- 
lve perpetually towards the ſame part of Heaven. 


7. Their Periodical Times, in which they return to 
e ſame Place in reſpect of their Principals, are the 
nger, when the Limits of their Excurſions are the 
ger, and their greateſt Elongation is greater than 
at of others. | | 


This holds in both Primary and Secondary Planets, without 
ception, that which is more remote from the Center of Mo- 
dn, takes up a longer Space of Time in its Revolution. 


8. They are often ſeen not only without the Plane 
the Ecliptic ; but alſo without the Annual Planes 
their Principals, and declining from both a little, 
ther to the North or South. 


Even as Primary ones do in like manner. 


9. Yet, this notwithſtanding, the Circum-Jovials ap- 
ar amongſt themſelves in almoſt the fame Plane, 
hich alſo is proper to them, and the Circum Satur- 
als, likewiſe have a peculiar Plane, in which they 
oft all of them are. | 


10. The greateſt Elongation of every Secondary 
om its Primary, remains always almoſt the ſame 
, 2 - nor 
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nor are theſe little Planets Subject to any conſidera 
Variation in this Reſpect. 


Theſe Harmonical Motions and Poſitions are wholly to 
N to the Wiſdom, and Pleaſure of the great C REA 


11. Each of the two outmoſt Primary Planets boi 
a good Company of Attendants, for Jupiter keey 
no fewer than Four conftantly by him, and Saturn Fin 


in his Retinue, which is aSight noleſs Wonderful, thi IWa 
Delighcful ; theſe Satcllitesplike our Moon, do aii 
accompany their primary Planets in their Circi th 
round the Sun, and in the mean Time their prope art 
Circulations about their Primaries, and therefore t! 
will have the ſame Phaſes and Figures, that our M. 73 
ſhowsus: When they are in Oppoſition to the Sunt! le 
appear to Haturn and Jupiter bright and full, ira ben 
thence receding they afſume a Gibbous Shape, well” 
they come to a quadrat Aſpect, they look H 
Half-Moon's : Before, and ſoon after the Conjunctia pe 
they ſhow' themſelves in horned Figures, and wt a 
they come to r in the ſame Line with M 
Sun, they totally diſappear.” © © © oi A 
12. 'Theſe Satellites ſeen from the Earth, tho th» © 


go at the furtheſt, but a little way from their Prins 
ries: yet ſometimes they approach them nearer, al 
ſometimes remove a little further from them. Platt 
Fig. 7. Let ABT be the Orbit of the Earth, in 
Middle of which the Sun's reſides. ' Let E F be al 
tion of the Orb of Jupiter, in which Let Jupiter el 
2, who keeps in the Middle of the Orbits of his l 
Attendants, theſe Satellites or Moons, when they 
ſcribe the inferior Parts of their Orbits LM N ſeen fi 
the Earth or Sun, will appear to have a Motion We 
ara; but while they are moving thro the ſaperiorts 
; E , \ " 


/ 
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ons G H K, we obſerve them to move Eaftwarg, ac- 
Wording to their true Motions. Now when their vifible 
Motion is Eaftwarg, they are twice hid from us, once 
O behind the Body of Jupiter that is, in the right 
ine which joyns the Centers of the Earth and a- 
iter, and again they vaniſh, and become inviſible, 
hen they tall into the Shadow of Jupiter, or are in 
he right Line, which joyns the Centers of the Sun 
d Jupiter, and then they ſuffer Eclipſes, which are 
lways when they are at their Full, as ſeen from Ju- 
iter. Theſe Eclipſes happening in the ſame manner 

they do to our Moon, by the Interpoſition of the 
arth between the Sun and it. | | 


13. When Jade is to the Eaft of the Sun, and 
ſeen in the Evening after Sun-Setting, that is, 
hen the Earth is in A, they are firſt hid behind Fu- 
ter; becauſe of their viſible Conjumction with 
ter before they fall into his Shadow, and their Se- 
ond Diſappearing is in the Eclipſe upon the entring 
e Shadow. But hen Jupiter is more Weſterly tan 
he Sun as he appears after Conjunction, when he is 
y ſeen in the Morning, that is, when the Earth 
about B, then they fall into Jupiters Shadow at 
and are eclipſed before they are hid behind his 
ody in P. But when theſe Moon's have a Retro- 
rade Motion, that is, when they are ſeen to #9 
Ve ward, and deſcribe the inferior Parts of their Or- 
ts, then they only once diſappear in Q when they 
nnot be diſtinguiſh'd from the Body of Jupiter; 
ut when the Satellites ſeen from the Sun, are in their 
s fP'crior Conjunction with Jupiter, or as ſeen from 
iter, they are in Conjunction with the Sun, their 
des will fall upon Fupiter, and ſome Part of 
Disk of Fupiter will be in an Eclipſe, and a 
1 rectstor within the Shadow would obſerve a to- 
oF! Eclipſe of the Sun. 14. By 
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14. By the Motions and Eclipſes of theſe Moog 
the Parallax of the Annual Orb in Jupiter, and hi 
Diſtance from the Sun may be catily known; ſot g 
POR be the Orbit of any Satellite, tor Example 
the outmoſt, and ſuppoſe the Earth in the Point d 
its Orbit A, the Time muſt be obſery'd when the$ 
tellite lies hid behind Jupiter's Body in O. F 
which Purpoſe, the Moment of Time muſt be cateſ 
ly mark d when he firſt diſappears, and then alſo i 
Moment be becomes again Vitible, the middle M 
ment between theſe two is the Time, when the $ 
tellite is in O, or in the Line which paſſes thro f 
Earth and Jupiter, after the ſame manner obſer 
when the Satellite is in the Middle of an Eclipſe, a 
in the Middle of Fupiter's Shadow, that is, When i 
is in V, by this means we ſhall have the Time it taky 
to deſcribe the Arch O V, and becauſe his Motion 
bout Jupiter is equable, and his Periodical In 
known, we can thence find out the Arch OY, int 
this Planet revolves about Jupiter in 402 Hours. I 
us fuppoſe the Time he takes to move from O to? 
be 12 Hours, ſay as 402: 12 ſo are 360 to 
Quantity, which will be found to be-10* 44% ut 
therefore the Arch O V is 10% 44* ; But this Arch 
the Meaſure of the Angle O V, or of the A 
gle, which is equal to jt A & 8, and the Are 
which meafures this Angle is the Parallax of the A 
nual Orb, which therefore is known. | 


15. In the Triangle A 1 S, we have the A 
ole at wy, and alſo the Angle at A, the Ho 
gation of Jupiter from the Sun, which may be W 
either by a Calculation from Aſtronomical 'Tableg0 
by Obſervation, beſides we have the fide A &, the! 
{ance of the Earth from the Sun, which we alſume® 


1 


pnf1 


gle 


NO 
cul: 


p 
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nſiſt of 100,000 Parts. Since therefore in this Tri- 
al, we have all the Angles, and one Side by Tri- 
Hubnometry, we ſhall find the other Sides, and par- 
cularly S , the Diſtance of Jupiter from the 

40 likewiſe we may find A , the Diſtance 
Jupiter from the Earth, which is always variable; 
t to do this nicely, there ſhould be re 


cepers. 


> give a Solution of a Problem, which is the moſt 
oble and Curious in Natural Philoſophy, and which 
annot but raiſe our, Wonder and Amazement, that 
u i Whether Light be propagated to | us. in an In- 
ant, or if its Motion be ſucceſſive ; and if it takes 


me Time to arrive from the Sun, or any diſtant Ob- 
> to us. Now theſe Eclipſes do ſhew us, that there 
70 inſtantaneous Motion in Light, tho' it comes 
en the Heavens to us with a prodigious quick Mo- 
f lon, and incredible Celerity. 


For if the Motion of Light were in an Inſtant, 
hen the Earth at T at its greateſt Diſtance from Ju- 
iter, an Aſtronomer here would obſerve an Eclipſe 
a Satellite at the fame Moment of Time, he would 
lo, were the Earth at X, at her nearer Diſtance to 
Fupiter, for according to this Hypothe/is, Light is 
ropagated in the ſame Diſtance thro all Spaces inde- 
nitely, Whether near or never ſo much remote. But 
Light takes up any Time for its Propagation thro' 
Pace it will ſooner paſs thro' a ſhorter Space, than 
reater, and therefore an Obſeryator at & being near- 
to Jupiter, than one at T, by the Diſtance X I, 


0 
e 
* 


bſervations with. the beſt Teleſcopes, and Time- 


16. By the Eclipſe of Jupiters Moon's, we are able 


hich is about equal to the Diameter of the Earth's 
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Orbit, will ſooner obſerve the Eclipſe of a Satelli 

than a Spectator can do at T, and theretore-from Y 
Diference of thoſe Times, which is proportionable 
XT, the Difference of Diſtances; we can collect t 0 
Velocity — — ſo this Matter is in Reality: S 
whenever the Harth is at its neareſt Diſtance from Yui 

ter the Eclipſes are found to happen ſooner than th , * 
do, when they arc 'obſerv'd from Tat a j ing 
ſtance, where they fall out ſenſibly later than they o che 
to be, according to our Aſtronomical Computatia 

theſe quicker and flower returns es hah - ' 


been obſery'd for many Years, by the Sagactous Nun 
with much -Art and gence upon them he ich 
ded this Argument for ing the ſucteſiſ 

Propagation of Light, and by them he proved th 
Light, like all other Bodies in Motion, had a deta 
min'd Degree of Velocity, and took a determin'd Tu i 
to move thro' a given Space; to which Opinion, lam 
greateſt Part of Aftronomersdo now give their Mick 


Ihe Particles therefore of Light, tho their | 
nuteneſs be indefinite, and not | pd to ? img 
ned: yet they have a progreſſive reCtilinearMoti 
and are not diffuſed, as by the Waves ofany Medun, 
or Fluid. Romer determines the Velocity of L ne 
to be ſuch, that is reaches us here from the Sug! 


the Space of 11 Minutes, (others ſince, only 7 N 
nutes) but that Diſtance — not ſeem to bs 


than 50 Millions of Miles; which Light p 
ſes thro in ſo ſmall a Time; that ſo prodigigus 4% 
locity cannot caſily be conceived by us, which ſo mud 
exceeds the Velocity of the fwitteit Bodies we d 
for tho the Earth has a very quick Mation tum 
the Sun; yet its Velocity compared with dhe Vo 
locity of Light is no more than that of a Sha 


XIV. 1 


* 


Compariſon of the Swiftnels af the Earth. 
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| V. The Phznomena Saturn's-Ring, | 


ri 


* 
let | 

+ One of the greateſt Wonders of Our 
5 35 E AR SYSTEM. © 
. The Body of Saturn it ſelf ſeparate from this 


ing is pony Spherical, and can yield us nothing 
theſe | 


95 | 
ml Tnis Singularity of Saturus Ring would induce 
ny to exempt this Planet from a Diurnal Motion; 
which ſome have given it in about a Month's Time. 


eſin 

3. The Ring is about ſo far diſtant from the Body 
Saturn, as it ſelf is broad, and the Diameter of Sa- 
n is about 68000, Miles and is in Proportion to the 
ameter of his Ring, as 4 to 9. Hence the Interval 
hich is betwixt the Ring, and the Body of Saturn, to 
hich the Breadth of the Ring is nearly equal, ariſeth 
about 2 1,000 Miles. A ftrange aud extraordinary 
LENOMENON 5 8 


hænomena. 


. 
U 
5 


4 Both the Surfaces of the Ring are ſomewhat 
lane, like Fluids, or thoſe Bodies, which, tho' now 
rdned, have ſometimes been in a of ſtate Fluidity, as 
laſs, Ice; not unlike thoſe Regions of the Moon, which 
me call Seas. 


5 The Thickneſs of this Ring is ſo ſmall, that it 
uns the Notice of our Aſtronomers; for when the 
lane of the Ring paſſes thro our Eye, it can ſcarce 
ſeen, leaving nothing but a ſmall Line, or Stroke 
i a dhadow paſſing over the Body of Saturn. 


E oF 7 6. Altho | 


* 
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6. Altho' the broad Surfaces of the Ring ref 
Light ftrongty and copiouſly enough; yet the' ext 
rior Surface thereof, that of the Edge reflects let 
no Light, but a Shade only, tho of what Matter it o 


* 


ſiſts, we cannot yet conjecture. 


7. As we know not et, whether it bo Solid 
Fluid: neither, till we diſcover ſome Spots in it, e 
we diſcover its circular Motion; if Solid. 


8. The Plane of the Ring is inclined to the Pla 
of the Ecliptic, in an Angle of about 31 Degre 
and its Nodes, or Interſections with the Ecliptici 
this Age, about the Middle of the 2½ Degree d 
Piſces and Virgo. ; | 


9. Seeing the Figure of this Ring is altogrth 
Circular, ** will be no Apſides; conſequentlyu 
Progreſſion of the ſame. 


10. The Inclination of the Plane of the Ring 
the Plane of the Ecliptic is in the Space of one Rent 
lution of Saturn about the Sun, twice the greatckd 
all, and as often the leaſt, and its Axis conſequeat 
in the Compaſs of one Annual Revolution twice 
clines it ſelf to that Plane, and twice returns to | 


former Poſition ; as the like happens to the Moon 
Earth. 


II. Hence Saturn appears Solitary | AT” withod 
this Ring, as often as he is found 8 Node 
of the Ring; having only a ſmall Track of a d 
dow croſſing his Body, as aforeſaid, as in the Val 
1701. | 8 17 


12. I 
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i2. The like A ance maſt happen, when the 
ofition of the Earth and Sun, is fach, that the Plane 


that Time only the obſcure Surface of the Ring is 
xofed ror the Eye ofthe Pear 


13. This Circular Ring maſt put on an Elliptic 
orm; but fo much the EH Elliptic, by how much 
rther Saturn is diftant from the Line of the Nodes: 
or a Circle, unleſs the Eye be in its Axis, degene- 
tes into an Ellipſis, whoſe greater Axis will be equal 


e il be equal to the right fine of the Elevation doubled 
(g. of the Eye above the Plane of the Ring; which 

ing given, the Species of the Ellipſis, which will 
pear upon the Earth, will alſc be given and 


tra. 


14 The various Phaſes of the Ring in each Re- 
lution of Saturn about the Sun, feturn again in 
Round, and certain Likeneſs of Phaſes, proceeding 
om divers Surfaces of the Ring, return in Half the 
ircuit, or within the Space of 15 Years. 


0 On is elevated almoſt 4 Degrees above the Plane 

WF-rcot, that is, when Saturus Heliocentric Place is 
ſtant about 7 or 8 Degrees from the next Node, 
tore and after it is in it; which Interval of 15 
grecs, Saturn movesthro' in the Space of 1.5 Months; 
rag which Space Saturn will be ſo long {cen with» 
it his Ring. 


E e 2 16, The 


the Ring protracted would paſs betwixt them; for 


d the Diameter of the Circle; but the leſs Axis 


5 The Ring begins firſt to be ſeen, when the 


the Earth, which may be ſuch, that only the d 


Plane of the Ring produced, or elevated od 
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16, The Diſa of the Rin is fon 
times owing wholly and ſingly to the Poſition 


Surface of the Ring can be ſeen the itan 
of the Earth can no more ſee the Ring; than 
it was not illuſtrated at all, nor will it _ the 
wiſe when the Plane of the Earth is found in the ye 


little aboye it. 


RV. 
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V. Of the Tranſits of Ven and Mer- 
cury over the Sun's Dit. 


Table of the Moments of Time, when VE x us will 
be ſo cloſely in Conjunctiom with the Qu x, as to be 
ſeen within its DISK for 1000 Y with that 
Planets Diſtances from the Sun's Center at the 
ſame Moments. 


In the Month of November. 


Year | Time of Conjunct. ſPifromCencer of ©: 
BEE D. H. . 4. . Mo 
918 1 | 6 12 B 
1161 20 21 1o 6 „ A 
1396 23 7 30 4 38 B 
1631 26 17 29 16 11 B 
1639 ws & aa s 20 A 
1874 26 16 46. - . 
— 2109 29 2 36 BS =. #3. 
2117 1 26 16 3 4 
— — — 
In the Month of May. 
Year | Time of ConjunR. Piſt. from Center of ©. 
4 CC =». 
1048 24 13 45 3 30 B 
1283 0 18 
1291 3 14 27 B 
1518 25 16 32 4 52 A 
1526 23 9 37 _— 2” SS _ 
1761 25 17 6 3 
V. 1769 23 13 ov | N. 
6 13 36 A 
2004 25 19 18 8 


of 
. 


— _ 
—_— — — — 


9 — 
av + — — a — 


— — —— — 
9 — — — 


' 
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n. 4 MERCURY, 
In dhe Month of April. 


/ 


Tear Time of Conjand. lt f. 
| D. H. 6 
18 15 21 21 30 ** 1. 
1628 4 K bg) 8 - 
561, + 25 1:4: 2 ond 
1674 26 12 29 
1707 34 6 ond 
1720 26 Us 43 *® 
1740 21.1 46. | 
1753 * 1 26 *®' tt 
1786 a> "os oy .* | | 
1999. 1 * 1 '$4 we noP (45 Sur 
9 1 _ I . a. _ 71 * — Sec 
-7 957 * 
In the Month of OAober. 
Fer Time N Pope pm | 
1 4. Il. 2 . 4 1 
1605 _ 8 29 >> þ 2 43t &:: W7 
1618 $85 3 $3 E: jr >6 49 - Sie f 
1631 *S >” DB Bo - * 
83 TI I1 11 nut 
1651 ee 11 ex 
1664 21. % $$ N ven 
1677 28 o 28 * 4 IJ 
16909 {| Jo 18 Ng [ 10 b@": * 8 
1697 [11 1 11 | j 
1710 | 26 11 45 4e +a R ore 
1723 wy 0 rf 4 + 
1739 a F 38 1 a 454 A- 
1736 "FE >. nw RR. EE 4 --: 
1743 wes 4 *: 3 a ate, 
1756 W 16 36 | T1087 © A | 
769 19 10 10 | cY 68 
1776 12 10 19 „ A 
1782 NOV] 1 3 44 * % © 
1989 62 . „ 
8 r 0 OLE 


Of the Tranſits of Venus, Oc. 21 [1 


Viſible 
wholly 


:ofe Tranſits noted with one & are i 


t the End of $ Tears, Va vs is revoly/d io the 
n, if there be taken away from the Moment of the for- 
Tranßt 2 Days, 10 Hours, 52 Minntea, and 30 
onds. But it moves then iu 4 Hab, which inalinai 


onds. | a 


lt the Eud 235 Years, if thare bo added 2 Days, 
Hours, and 9 Minutes, VE N us: I agaie enter 
Sun; but in a way more Northerly, by 41 Minutes 
Seconds: Bug if, the fareging ar be Biſſextile, 
re are to be added 3 Days, 10 Hours, and 9 Mi- 


8. 


1 the End of 243 Tears, V s N us paſſeth over the 
again, only there are 7 te le taken. away 
u the Time of the Former; be goeth more South 13 


ſextile, add 23 Hours 17 Minutes, o wit, the Cont- 
ment of the Ablatitious Time umto a whale Day, and 
all theſe Appulſes to the Sun in the Month of Novem- 


grees, 5 Minutes, and VE Nvus's Horary Motion with- 
the Sun, 4 Minutes, 7 Seconds, wherefore ſeeing the 
hs Semidiameter is 16 Minutes, 21 Seconds, the 


ateft Duration of the Traniits of VENvs will be 7 
durs, 56 Minutes. — 


N XVI. 
Thok 


re to the South, than the Former, I Minutes, 4b 


nutes, 8 Seconds: But if the preceding Tear ware 


the Angle of the viſible Way with the Ecliptic is 9 | 
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XVI. Having the Year of the Cycle of 
Sun, Moon, and In iction. To 
the Year of the Julian Period. 


- Multiply 4845, by the Cycle of the Sun, and in 
by the Oye of” the Moon. alſo 6916, by the Ye 
of Indiction given. | 


Divide the Sum of theſe Products, by 798, 
glcQing the Quotient, the Remainder will de t 
Lear of the Julian Period required. 


EXAMPLE] 


In the Year 1719, Cycle of the Sun was Ig, ft! 
Moon q, and of the Indiction mot Firſt Pin 
i. e. 4845, by 19 = 92055, the Second, i. . (ll 
by 9 = 37800, and the Third, 6916, by 11 = 760 
the Sum of theſe Products, is = 205931 ; which bel 
Divided by 7980, will have a Remainder of 04 
Years, the Lear of the Jul IAN PERTO sp fog 


(89 5 


con K 955 e 


45 1 @ Th, CE 


Eſides the eres mentiihded, there are. 
other, great Bodies that ſometimes viſit our Sy- 

tem; which ate a Foe of Toni pony, rary Planets; for they 
ome and abide with ua for a wht dafterwards witk- 
Iraw from us, for g certain p Tine after which 
eines, ay” 


1242 ora om 13 ry 


2 The Motion 85 ee, of 4 
cording to Kind 258 . 
o made, 5888 70 ated by. che fame int 
e Lac hat balls the 1. 81 for their Orbits are 
liptical, like of the Plltte {Vir vaſtly on 
ower, or more ir reed; Yet they have not all 


ſame Dire&i e 'who move 

Pift to Eaſ of, for f the Comets move from Ear 
ft ; and their Orbits have different Inclinations 
o the 1. Eanthe Ordit; forte inclining Northwardl 4 
thers G 0 mach more 2 ay I the Pla- 

tary Orbits do. | 


15 Altho' dern 7 Combts 12305 1 pls more 

lliptic Orbits, yet theit Motions ſeem to be vaſt® 
| "be the Eocentricitſes of the Planets Or- 

10 tare fo fa that they differ but lirtle from Cir- 

les; but the rate of the Comets are ſo ve- 

7 great, that the Motions of ſome of them ſeem to be 

imoſtin "_ W directly towards the = 

4 Now 


7 different! 
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Chen 


4. Now, Nncc 52 He COnttts are fo er 


tremely nears Þ nth 
_ 1.80 cate m J. 
K in 9 


— frndbCer 
why the 5 wa hon I Fit. 124 in our om 


* ee, 


nelT adi 75104 


10 


79 5 1. 
ing 529 buli om eee 235 


tha 17 of. . — 1189 
Ae e 
EE _ 197 5 8 ar 
8 tis fer 5 0 
Ee Si 5 NI ch i ng PP 


et uncęrtain PING ** 
0 teal hp 9 SA 


No been the 
pinions, cO cerni ome ned that th 
erte © Ng " 5 4 450 
here, an 1e there: agal . pated.;. 9 505 
„onde 10 ino ligies. node 
1 55 1 5 . "that they ] orig Jo 
e FEY Glanets 
dar ch e wo Heat, e ang I 
= hg are in their fg receive MY. w Wo 
un, Without beigg utter! YL: 
Comet Which J in he Fool 1 1 8 55 
In 4 part of the- Sun's Diameter 15 h his 
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ſo very like, and the Tires 


2 of their Appearing fo 
very equal tobe in reality; 


may ſuppaſe of ſame others. That great Comet, that 


1 


delore about 532, and alſo 44 Years before out S A- 


e 8: 0 v xs Birth, and therefore they canclade the 
Time of its Periodic Revolution round the Sun, to 

et, Ade 575 Years. The Time of the Revolution of ano- 
Nun tner Comet, which Aſtronomers ſuppoſe will appear 
wi gain in 1758, is 75 Years, another whiph probably 
ut On be ſeen here again in 1789, makes its Ellipfis 

ar ound the Sun in 129 Years. The Orbits of theſe 3 
1 ire deſeribedt Mn ee eee een, TN 
108 2 eg 
x To find d herber a COME T 
An 9 © re. 
+ 40d \ a ſenſible Parallax... -* 2 

Ys Ke." EMT | #% Yo I PS + ED 

5 Its Parallax is that Angle, under which the Eatth's Se- 

1 te midiameter would appear to a Spectator in the Comet, 
ge hich is bigger when near, and vaniſhes when far di- 
Went. Now a Comet juſt before it diſappears; goes fo 
an lo ly, that it ſcarce ſeems to move, and it may be, 

| wif vice obſery'd in this manner. ' Firft, when it is very 


high above the Horizon, take any ta Stars, betyeen 


as hich, the Comer lies in a right Line parallel to*the 
Horizon, which by extending's Thread dire&ty be- 
X, OF 'ore the Sars may bereaMy tried afterwards, hen 


F f2 | the 


* AMO wedm/ ar arg 


Within theſe-, laſt Centuries haye a pear'd to * 
but 24 Comets, of theſe Doctor "Halley fappotes 3 0 
them, who haye had their Orbits and Appearances . 


reality; but one and the fame Co- 
met, appearing at 3 ſeveral” Times, and the like ve 


appear d in 1680, 1687. was ſcen betore-in 1106, once 


22 The Number of COMRTS. 
2 Comet 2 proaches — the ay by exten 
hretd, we again tt it keeps iu 
3805 Lins between the ſame two Fixed Stars. Non 
Tere be any ſcofible Parallax, which depreſſes th 
8 be ſeen in the ſame right Line g 
before, and therefore if, it keeps the ſame /Politia, 
as to thoſe Stars, it is a conyincing Argument, thy 
the Comet has no lenſible 1 and guſt * 
be at a prodigious 50 from us. 


A Plan like the Onde ones 
have a . Ee the eir de Ne ing fm th My 
tion of the the oe te lame. 22 eue 


ſometimes Retr 
they move ſlower, reer Nth a Tacker l M. 
tion, and like our Earth, moſt of them have a denſe u 
dark Atmoſphere ſurrounding their Bodies, vid 
weakens and blunts the Sun's Rays that fall upontiey 
but when it appears, the Kernel or Solid Body oftiy 
Comet, which when the Clouds are diſperſed gu 
2H and brick Light. 


An eaſy Method. of F fandin 
_ 4008 ME * by obs 
ſtial Globe, = 


Let there be every Da obſerv'd 4 Stars, which 
are round the Comet 125 et em be ſuch as the (n 


may be in the ri which joyns the = 
' polite Bong . ne he ad 


— of a Thread re RI "og 

tended over che 3 and Comet, en e 
a Globe in whi e 4 Stars in their pro 
per Faces es. ead Diagonally thro tet 


oppoli 


Th: Courſe of «COMET: c 2ar 


te Stars, whore the cads interſect, is the lace 
f the Comet, if this be daily done, and the Place of 
ic Comet be every Day taken by this means we ſhall 
mifeſtly find out the Courſe a. Comet takes in the 
22VENS, which will be ſound to be a great Cirele, 
nd having two Points of this Circle we ſhall find its 
aclination to the Ecliptic, and the Places of the 
odes, for it is only obſerving where a Thread 
tretch'd thro the two Points outs the Ecliptic. 


Altho all the Planets have their proper Motions from 
Veftto Eaft, yet many Comets have been obſerv d to hold 
n in a contraty Coùrſe from Eaft to Meſt as aforciaid, 
vith a very great Degree of Velocity, ſuch was the 
ourſe of the Comet, which Regiomontanus obſery'd, 
1 1472, that deſcribed 40 Degrees of a great Circle 
1 one Day. Hence we can poſitively conclude, that 
ere are no Vortices in the Heavens, elſe when the 
mers enter within the Planetary N they muſt 
neceſſarily be driven out of their Courſe, by the Ra- 
pidity of the Solar Vortex, as by a mighty Torrent, 
hich near the Earth, is of ſuch Force, that it car- 
ies it above 20000 Miles in an Hour, and who can 
hink that ſo Rapid a Stream, were there any, would 
tot affect the Comets, and, when they have a Motion 
ontrary to its Motion, ſoon deftroy it. | 


J. Of the Tails of the COME TS. 
The Tails of Comets grow bigger, as they deſcend 
to the Sun, and at the Perihbelhions they are biggeſt 
and n further off from the Sun, and cool by 
Degrees, the Tail leſſens, till at laſt it is contract 


within the Comet's Atmoſphere. - | 


" 


et, 


— 
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The great Comer, which app in the Yearizgy 
aer its- Departure from its 5 5 ſud 
a Tail as extended it ſelf more that 40 
the Heavens, nor can this be 4 Wonder, fri 
ſo near the Sun that its Diſtance from its Stvſacent 
the Perihelion, was but + Part of the Diameterofthi 
Sun's Body, and therefore the Sun ſeen from the Bu 
dy of the Omer would appear to fill the greateſt pu 
of Heaven, and its en Dumeter — not d 

leſs than 120 Degrees * 01 Ann 
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HE Fined Sears are thoſe bright * ü 
Bodies, which in a clear Night a pear to q 
very where diſperſed throu pl the boundleſs Regia 
of Space. They are term'd fixed, becauſe they as 
found to keep the ſame immutable Diſtance. one 7 
another in all Ages, without having "i 

| The fixed the Motions obſerv'd in the Planets. 
my * fixed Stars are all placed at ſuch i 
Diſtences Diſtances from us, that the beſt of 5 
from uu. ſcopes repreſent them no bigger than Pon 


„ without having any r Diametem 


The fred 2. It is evident from hence, 'that 13 te 
arias eu Stars are luminous Bodies, and ſhine, with 

us Bo- if 

die. likerhe their own proper and native Light, e 
Sun. they could not be ſeen at ſuch a great Dr 
ſtance. For the Satellites of Jupiter 

Saturn, tho they appear under conſiderable Ang 
through good Tleſcopes, yet are altogether init. 


to the naked Eyc. 3. Althougl 


ee png . S 
. Gui a e 8 Flt Th Dfex 
* Sun is V 72 when compare 9 
he Diameter . Aka het it is no- its 
bing m en 5 b the, prodigious pariſon ofrhe 
Diftance of the 8 ſor the Whole ita 
Diamered 90 rth's Annual Orbit ap- L 
from neareſt fixed tar uo = 
r chan 4 Point, the fixed Stars are at leaſt 
0000 Bee Ved us; than we are from the 
aʒ 28 may be demonſtrated from the Obſervations - 
if thoſe 'w ve, endeavoured to. find the Paral- 
ix of the Lane Annual, Orb, or the Angle un- 
ger which the F n ee en 

Pralss | 5 Sd. 930! ; 


- + 


4. Hence it bello that tho we ap- Aae | 
** nearex; to ſome fixed Stars at one gez ie 5 
ime of the Neat, than we do at tho oppo- confilered as 

ite, and that by the whole 271 of the being in the 
Diameter, of, the "Earth's Orbit; yet this guter if the 
9 5 being ith Heavens, 


Dittance of the f ed Kere heir Mag-. 


— - —_ 
2 — » — 3 
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4 a 

from dee or enen Je Ee cannot thereby be 2 nſibly alter- 

N Therefore e may always, without Error, ſup- 
* 55 ourſclyes to he in the ſame, Center of the Hea- 

Nene 5 7922 we always ; haye. the. ſame viſible Eren 
cle i the * without any Alperatione | 


2 


& If« Spettatgr was. placed as. ter to any fixed 
Par, as ae Rr the. 500 he would there obſerve 
y as big, and every way like, as the 
un appears to us z and Sur Sun would ap- The fixed ann 
dear to him no bi ger than a fed Star: e . 
and undoubtedly 2 would reckon the Sun 
s one of theim in numbring the Stars. Wheelie 
co 


* 


gh Fixed d. Sta. 


ſince the Sun dif reth aquding From ed t 
fited Stars may be reckoned fo 2 %s, | 
[ 


thefied 9455 6, It i noe: tvalvnabile +6 appel 
2 n all the fixed Stars are placed at thi ug 
ern ons Diftance from us; but it is more probt 
. chat they are ever. where inte thy 
the vaſt indefinite Space of the Univerſe" and dh 
there may be as great # Diſtance betwixt” My "to 
them, 17 there 1 wt — 
Star: Hence it follows, w Ln ire u 
different Magnitudes;' not becauſe they — 21 
but becauſe they are at different 
thoſe that are neareſt, excelling in Bri 
Luſtre thoſe that are more re who give ain 


: Light, and appear ſmaller co the fe. oe 


The Diſtribu- 5. Thic Aftionomery difibite hiv, 
| — tion of 2 into ſeveral Orders or Claſſes; hor 
. are neareſt to us, and apptr brig 

the Eye, are called Stars of the Ho jo! 
nitude ; thoſe"that are neareſt to them in Bri 12 5 ſe 
and Luſtre, are called Stars of the ſecond Mig 
thoſe of the third Claſs; are ileg Stars bf 5 
Magnitude; and ſo on, until we come to- en 
of the fixth” Ma rude, which LE HAR 
can be diſcerned by the naked T5 Fe. There arm 
finite numbers of ſmaller Stats; 2 aw 
through Teleſcopes ; but theſe are, 

any of the fix Orders, ee A 

Of miei. Teleſtopical Stars. Irin may be here'o 18 
e Sn. that tho' the Aſtronomers have reclicet'® 

the Stars that are vifible to the e 0 
into ſome one or other of theſe Gaſſes, ers eher 
not to conclude from thence that In che ec 
_—_—_ ſome or other of thelt Orders; bar c 1 


aa 


\ 
| 
„ 
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ay be in reality as many Orders of the Stars, as 
0 are in Number, few af them N exady 
f the ſame Meer and La 85 


$. The antient i that they wilt a 
tinguiſh the Stars, in — to their Situation and 

hoſition to each other, divided the whole ſtarry Fir- 
ament into ſeveral Afteriſms, or Syſtems P Stars 
onſiſting of thoſe that are near to one 
other.. Theſe Afteri/ms are called Cn. The Stars 41 
lations, and are digeſted into the Forms Bet, ine 
f ſome Animals, as Men, Lions, Bears, Gel | 
rpents, &c. or the — of ſome known things, 


s of a Crown, a Harp, a riangle,” Se. 


9. The Starry We was divided by the An- 
ents into 48 Images or Conſtellations ; twelve of 
hich they placed in that part of the Heavens, where | 
are the Planes of the Planetary Orbits; 12 "| 
hich part is called the Zodiac, becayſe Zodiac. ' a 
oft of the Conſtellations placed therein ' ', 
ſemble ſome living Creature. The two Regions 

the Heavens ths are on each fide of EEE 

bac, S 0 the North en Naum pl e Hear 


ens. 


10. Some of the wltcipeſ: Sur, BY e better ar 
ames given them, as — Ardburus, Oc. There 
alſo ſeveral Stars that are not reduced in Con- 
lations, and theſe are called * 


d Stars. 


ue 

Sarl. 

Il. Beſides the Stars indie to the naked Eye, 

dere is a very remarkable Space in the 

cavens, called the Galaxy, or Milky Way. ay 

us 1s a broad Circle of a whitiſh = or Milhy "= 
Gg hike 
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like Milk, going quite round the whole Heayery; 
and conſiſting of an infinjte Number of ſmall $t: 
viſible thro' a Teleſcope, tho not diſcernible by th 
naked Eye, by reaſon of their exceeding Faintneſ 
yet with their Light they combine to illuſtrate tui 
part of the Heayens,where they are, and to cui 
that ſhining Whiteneſ ß 


12. The Places of the Fixed Stars, or their 
tive Situations one from another, have been careful 
obſerved Ll Aſtronomers, and digeſted into Cat 
lognes. The firſt among the Greeks, who redua 
the Stars into a Catalogue, was Hypparchus, who, in 
his own Obſervations, and of thoſe who lived bel 
him, inſerted 1022 Stars into his Catalogue, about 19 
Years before the Chriſtian ÆAra as aforeſaid * This 
logue has been ſince enlarged and improved, by ſera 
learned Men, to the Number of 3000; of which then 
are a great many Teleſcopical, and not to be d 
cerned- by the naked Eye; and theſe are all n 
ked in the Catalogue, as Stars of the ſeventh 

nitude. . 


— 


13g. It may ſeem. ſtrange to ſome, that there 1 
no more than this Number of Stars viſible tot 
naked Eye; for ſometimes in a clear Night, f 
ſeem to be innumerable. . But this is only a Dec 
tion of our Sight, ariſing from their vehement ſpat 
ling, While we look upon them confuſedly, withs 
reducing them into any Order; for there can ſeld 
be ſeen above 1000 Stars in the whole Heard 
with the naked Eye at the ſame Time; and il 
ſhould diſtinctly view them, we ſhall not find one, 
what is inſerted: upon a good Cæleſtial Globe. 


I4 4 
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wv 1H 1.4. Altho' the Number of Stars that can be diſ- 
erned by the naked Eye, are ſo few, yet it is pro- 
+ able there are many more which are beyond the 
each of our Optics; for thro' Teleſcopes they ap- 
ear in vaſt Multitudes, every where diſperſed through- 
put the whole Heayens; and the better our Glaſſes 
irc, the more of them we ſtill diſcover. The inge- 
refullious Dr. Hook has obſerved 78 Stars in the Pleiades, 
)f which the naked Eye is never able to diſcern above 
; and in Orion, which has but 80 Stars in the Britiſb 
talogue,(and ſome of them Teleſcopical) there have 


denn een numbred 2000 Stars. 
ut 1 n 
II. The Principal Phenomena of the 


Motions of the Fixed Stars, with ſ ome 
brief Solutions. vt "ih 


1. All the Stars as well the Fixed, as Erratic, with 
he whole Furniture of the Heayens, do riſe and ſer 
very Day, or appear to revolve from Eaft to M eſt, 

a Circular Motion, which. is perform'd about the 
o Aris of the World, and this along Line's nearly pa- 
alel to the Equinoctial. Sy 


1 For our Earth by turning about its own Axis, like the other 
v0 !aners muſt needs preſent to our Senſes. this Phænomenon, 
(eld ichout the leaſt Circumvolution of the Heavens. 

41 2. Beſides this general apparent Motion, which is 


erform'd daily, the Fixed Stars ſeem to move a 
quite contrary Courſe, ſeeing _ change, and in- 
reaſe their Longitude ; for thoſe Stars, which in 
he Time of Hypparchus were in the Beginning of 
ies are now adyanc'd into Taurus near is of the 


Gg2 Ecliptic 


— — . 
42 r em oe rate . OOr_\, Ce CC ——— uu _j_s_ — 
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Ecliptic about a Degree in 70 Years, and that vid 
an even Velocity. 7 rf 0: AAR 


Now if the Equinoctial Point Aries be a Fixed Point, then ig 
reality the Stars muſt move; but if ſaid Point be moveable, 
it may be, then the Frags pe not move from it, but tþ 
Point it ſelf es go back from the Stars, which is certain) 
the more probable Caſe: and which the Moderns call the b 
ceſſion of the Equinoctial Points, a like Parallel is in the Mo 
and other Secondary Planets; whoſe Nodes go backwards h 
Degrees towards the antecedent Signs, and Sir Fſaue Num by 
demonſtrated a priori, that the Nodes of the Earth ought 
go backwards 50 Seconds every Year. Hence this as well s th 
_ Motion of the Fixed Stars, is not real, but apparat 
only. | | VG 


3. Altho' the Fixed Stars perpetually change thei 
Longitude from the Beginning of Aries, yet thai 
Latitude or Diſtance from the Ecliptic, they doi u 
wiſe change being now the ſame, as in the Dun 
of Hypparchus, 5 


For if the Fixed Stars do reſt. and the Plane of the Bci 
remains unchang d, the Præceſſion of the Equinoxes is pt 
form'd without any Change of the Annual Motion of th 
Earth. as to the Plane of the Ecliptic : Tis neceſſary that the l 
titude of the Stars, or their. Diſtance from the ſaid Eclipti 
ſhould unto this Day remain unvaried. | 


Whilſt the Poles of the World are moved about rhe Pole 
the Ecliptic in Antecedentia. and pals ſucceſſively thro' all the poi 
that are 23 Degrees, 29 Minutes, diſtant from theſe Poles, tht 
Points themſelves, or rather the Fixed Stars that are in thi 
come towards the Poles of the World ſucceſſively, and ſeem 
be carried in Conſequentiz, and to deſcribe Circles, which are 
ly deſcribed, by the Poles of the World about the Poles oft 
Ecliptic, which being placed in Centers are alone at reſt; 
cauſe they keep the ſame Situation in reſpect to ane anothe! 


Therefore the whole Sphere of rhe Fixed Stars ſeems to MM 
in Conſequentis, about an Axis paſſivg thro? the Poles of the kel 
tic, and each Star apparently deſcribes a Circle Parallel os 


rs, WM The Phænomena of Fixed Stars. 229 
t with ire by which Motion, the Latitude of the Stars is not 
N | ang . | 


The Plane of the Z&quator makes a right Angle with the 
xis of the Earth; therefore by the Motion of its Axis, the 
gion of the Plane of the quator, with the Plane of the 
liptic is moved round, wherefore the EquinoQal Points, V. 


rind = move thro the whole Eclipric Line, in the Space of a- 
he out 25000 Years in Antecedentia, which Period is called the 


e Mom reat Year, or Annus Platonicus. 
nul 1. The Diameter of the Fixed Stars, as beheld thro” 
Ty eleſcopes are very ſmall, and almoſt inſenſible: 


d the Stars themſelves 
oints. | | 


ſeem as ſo many Lucid 


This is manifeſt to ſuch, who uſe the largeſt Teleſcopes, which 


e thel 

there off the adventitious Rays of the Fixed Stars, which a 
dinner to the naked Sight, and made the Antients ſuppoſe their 
Dm meter to be ſenſible, no leſs than of a Minute, before the 


ſe of Teleſcopes. | 
5. The Fixed Stars do wholly want a Diurnal Pa- 


* lax; but have a ſmall Annual one. 
ft x 8 ; ö 
el For the Superior Planets want a Diurnal Parallax, and much 


ore may the Fixed Stars, which are far beyond them. 
octor Hook, was the firſt that pretended to diſcover the Annual 
rallax of the Fixed Stars; which Flamſteed fully confirmed by 
crefting his Numbers from the Compariſon. of x5. Sets of 
blervations made for Seven Years together, that the Polar 
r hath a leſs Latitude about the Summer Solſtice, than it hath 
out the Winter, by near & of a Minute, which is their Annual 


ſeen oral lax ſought, preciſely 47 Seconds, for the greateſt of all, which 
are near 5 Times the Sun's Diurnal Parallax. Hence the Diſtance 
« oft the Fixed Stars will be found gooo Semidiameters of the An- 
reſt; al orbit, for as 47 Seconds to the whole Sine: ſo is the Diameter 
other the great Orb to the Diſtance of the fixed Stars. But in Ob- 


rvations of ſuch ſmall Angles leſs than a Minute, Errors- are 
arcely to be avoided, and what a prodigious Difference would 
uke of only 15 &conds cauſe in this Computation, and who 
n be ſure, he has not committed ſuch an Error, and what In- 
ument is nice enough, to be ſure to 4 of a Minute. &e Plate VIII. 
6. Thero 
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6. There is a Path in the Firmament of the Fin 
Stars, which is much brighter than the reſt of 5 
ven, and is therefore call d the My Way, tis « 
tended thro a conſiderable Part of Ren n 11 
Form of a Circle of ſome Breadth, 


The Teleſco pe helps us to ſolve this, by diſcerning of 
Multitude of little Stars, which eſcape the Sight of the ni 
Eye, whoſe cloſe and confus 4 Reflet ion of their ir Rays caul 
that Colar. 


7. The Number of the Fixed Stars which majh 
obſerv'd by the naked Eye, is much under 2000 
but by the Help of the eleſcopes they are foul 
to be 10 or 20 Times ſo many, and always by box 
much the more exquiſits our Teleſcopes are, by 
_ wy ater Number of Stars may be dil 
ver'd: So that it is much to be queſtion d, wheths 
ever we * obtain a certain, and rech Numb 
them, N 


8. The Light of the Fixed Stars is more Sim 
and Lively by far, than that of the Planets, alt 
their apparent Diameters be far leſs. 


Penne the Fixed Stars, thoſe Glorious Suns at an ien 
Diſtance ſhine with their own native, and not with th 
ou Light, ſuch as is that of the Planers and Comets, wiil 

re Opake Bodies. wholly deſtitute of Light in themſelyes, il 
Hine only by the Reflection of the Light of the San. 
if the Fixed Stars as before computed be 9500 Semidiametent 
the Annual Orbit off: the Quantity of the Sun's Light on 
would be but 81,000,000th Part of that Light of the Sun, whi 
is with us. What will it be then, when *tis reffected from i 
ro us, in which it muſt undergo a like Decreaſe as before, i 
5 Reality become inſenſible. 


9g. The Fixed Stars ſeem to twinkle and a ſput 
——_ more than the Planets, - q 
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Y Mo yy 32 Lan ot 5420 5-2 
This may be owing to our Atmoſphere, and the ſmall Atoms 
Corpulcles, which float up and down in the Air, for the 
oher a Star riſes above it, the Twinkling grows lefs, and uhr 
e Planets do not, is becauſe their Diameter are of that ſuf- 
ient Magnitude, that altho* ſome part of them be inteccep- 


d trom our Sight, by the Vapours interpoſing; yet the reſt 
the Orb remains to be ſeen clearly without Interruption 3 


ong and lively, that the leaſt Particle of Vapors do ever 
| anon diſturb, and break off their Rays. „ 


10. The Fixed Stars ſeem to be diſpoſed in the Hea- 
Wcoly Spaces in no certain Order, but as it were by 
m2) hance only. * | 

0 | | | 0 

oui There may be a certain orderly, and barmonious Diſpoſition 
the Fixed Stars amongſt themſelves, when they are beheld 
om ſome other proper Place, altho! that Order appears not, 


ir from the excellent Order of all the nearer Bodies, which 
> may, and do ſee, we ſhould conclude, that the ſame holds 
ſo in ſome ſort or other in thoſe remoter ones, tho“ our 
| Diſtance from them, renders us incapable at preſent of 
ſcerning the ſame. | 


Thus we would Judge of an Army of orderly well diſciplin'd 
d|diers at a Diſtance, which would appear to us in a confuſed 
anner, until we came near, and had a regular Proſpect of 
zem, which we ſhould then find to ſtand well in Rank and 
le, ſo doubtleſs of the Stars. 


11. Certain wonderful Things are obſerv'd about 
te Syſtems of the Fixed Stars. New Stars are ſome- 
mes ſeen, and preſently diſappear, the ſame Stars 
e obſerv'd to change their Magnitude, or their 
plendor by turns, as ſhining ſometimes with a dul- 
r, ſometimes with a more vivid Light. Laſtly, the 
reat Huigens obſery'd a certain Space in Orions 
word, much brighter than all the reſt of Heaven ; 
hich notwithſtanding appear'd not to have r. y 

| notablc 


; 

i 
2 

; 


t the Orbs of the fixed Stars are ſo ſmall, and their Rays ſo 


hen they are ſeen from this Earth. Tis but meet and jult, - 
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notable Stars in it more than uſual ; but ſeemed 
it were to have a Gap in that Place, thro” which, | 
yielded a Proſpect into a more lucid Region. 


Tos the Appearance of a New star made Hypparchus fir 
all ſet about compiling a Catalogue of them, fince which ma 
have been obſerv'd by Hebo, Kepler, fleveſius, Bullia/dus, Caſt 
Boyer, Montanar, and others, as aforeſaid. ii 


That in the Neck of the Whale appears and difappears | 
Turns and is found to perform its Revolution in 330 DAs 
ſeveral other Stars obſerv'd by Caſſini and others, which einn 
be accounted for, but by ſuppoſing them Planets reyolvingy 
bour ſome Star or Sun. ny 
Tis our Lot to be born on a Planet near a Fixed Star lll 
a Sun, and had we been born on a Planet belonging to as 
ther Fixed Star, we ſhould have taken that for our Sun, u 
counted our ſelves alſo in the Center of the Univerſe u 
look'd on the Sun we have now as a Star of the firſt 'o 
cond Magnitude according to, its Diſtance : and this Ht 
might have appeared ſometimes to us, as probably Stturs, 
zer, Mars, and em do appear to the Inha rants Fn othet 
netary Syſtems, when they are at their neareſt Diſtance. | 
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NIV. Heving be SU N's. Place, 
and a good Pendulum Clock;7o fing the 
Right Aſcenſions of all the STARS, 


Hirſt, Adjuſt-the Clock, ſo as to run thro the 24 
ours in the Space a Star leaves the Meridian, till it 
rive at it == which Time is ſomewhat ſhorter 

han the Natural Day; becauſe of the Space, the 

3 to move thro in the ſame Time Eaff. 

ar x | . 1 


| G en a bs: : - "Syn 
Then when the Sun is in the Meridian, fix the 
and to the- Point; from whence 'we are 3 
o reckon our Time, and then obſerye when the Star 
omes to the Meridian, and mark the Hour and Mi- 
ute the Hand ſhows, which turn into Degrees, 
d Minutes of the ZEquator will give the Difference 
between the Right Aſcenſion dt the: Sun and Stars, 
hich Difference added to the Right Aſcenſion of 
ic Sun will give the Right Aſcenſion of the Star. 


Now if we know the Right Aſcenſſon of any one 
dtar, we may from it find the Right Aſcenſion of all 
dthers, which we ſee: by ing the Time b 
he Clock between the Arrival of the Star, who 
Right Aſcenſion we know to the Meridian, and ano- 
her Star, whoſe Aſcenſion is to be found; the Time 
onverted into Degrees and Minutes of the Æquator 
ill give the Difference of Right Aſcenſions, from 
whence by Addition, we collect the Right Aſcenſions 
of the Star, which was to be found our... 
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Hoſe who think that all theſe — Bold 


An Idea of the 
—_ = . were created for no other purpoſe, tha u 
give us a little dim Light, muſt entertin 


very. flender * 4 s the oh Wiſdom; for we receive gan 
e 


Light from the than from all the Ser put together, 
And fince 13 Bla nets 140 'bje& to the fams Laws — oy 
with ourEarth, 1 eee borne ap 
it in Maghitude, it is not unteatanable'to fu t ey 
are all habits ble Worlds. ans the Hae Sar 75 
behind our 10 ex in Bignels or 7555 e 3 30 is 4 
that each of them have a Syſtem o . — 
them, as we 46 x roiitid our sun. And if we esd as far ig the 
ſmalleſt Star we can ſee, ſhall. we riot chen diſcaver i — 
— — of — glorious Bodies, —_ = ry a 
inviſible to us ns 0 „thro the boundleſs 
| the Univerſe. ' iy et 24 tea muſt this raiſe ue 
Divine Being! TR 15 every where, and at all Times Preſent, 
Ale Gee __ Power, Wiſdom and 


Cres 0 F 18 ch 5 £1 - — v4 1 * 01. 4 


1 2.26 
"As: he Diſtance 1 us to the Moan is little i d 
our Diſtance from the bun, ſo the Diſtance of 
om us is little in IT; of the Diſtance of the Fn — 
ne 1p gompartſon: of Which Sans gur ene 
no more 0 0 an a Pin-head to a large Globe: 1 
then the proud Man Loder and obferve howlitt Kee ah 
Earth is in compatiſon of the Heavens, and how ſeal! 1 
Dominion he has, were he Lord of that, whereas what he co 
mands is not in compariſon, ſo much as an Ant- Hill, nor hit- 


elf any other, but even as ag Emmet crawling upon * 
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bjie& upon every Accident to be ſquaſh'd to Dirt; ſurely this 
Ren will cauſe. him to humble bimſelf under the 
mighty Hand of God, and not to deſpiſe the meaneſt of his 
fellow Creatures. t aq b 297-2627 © HIM 


Hence we may learn not to overvalue this World, nor. to 
ſer our Hearts too much upon it, or upon any of its Riches, 
Honours or Pleaſures, for what is all our Globe; but a Point 
Trifle, to the Univerſe. a Ball not ſo much as viſible among 
the greateſt Part of the Heavens, namely the Fixed. Stars. 


Is this that Point, which by Fire and Sword is divided among 
ſo many Nations? O! how Ridiculous are the Bounds — 
purſuits of Ambitious Mortals. 


Is An Emperor indeed may look Big, if he compare himſelf 
han.o with a Centinel, and ſo may he if compared with a Peaſant,and 
fain 1 Ws Pecſanc if compared with Brutes, and they if compared with 
8 mold nes : but the Emperor compared with him, that made the Sun; 

ther, hat rides on the Chariot of the Wind, and hath the Clouds 
lotion or the Duſt of his Feet, who meaſures the Heavens, as with 
Span, and upholds the Pillars of the Earth : he diſappears or is 


exceed 
ext co Nothing, ſcarce a Ray of that incomprehenſible Di- 
inity, whoſe Glory fills the Heavens, and Heaven of Heavens 
— whom Million of Angels, with Unity and Har» 
tony adore. | 3 : 


And ſeeing we have little Light, and as little Heat from the 
ixed stars: Tis hard to conceive what ſo many great Bo- 
ies ſhould be made for; if not to give Light and Heat to the 
ahabitants of the Planets about them, which infinitely mag - 


ifes the Power of the Supreme Being. | 


They ſeem to have a tao narrow and contracted. View, that 
onfine Mankind to this Earth, its highly probable, the Almigh- 
7 hath Millions. that Worſhip him on other Planets, perhaps 
nore pure and perfect than we are. and tho' the greater part 
o Men on this Earth were miſerable, which ſome know not 
ow to reconcile with the Divine Goodneſs ; yet their Num. 
er compared with thoſe that are Happy in other Parts © 
he Creation may be but as one to 10,090. who, it may be 
ud, do all poſſeſs Heaven on Earchly Planets. 


- 
«© - „ 
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There are likewiſe 10,000 Things both in the Microcoſm of our 
Bodies, and the Macrocoſm of the Heavens and Earth, the Knoy. 
ledge whereof hath been reſery'd for the latter Times, which 
calls for a due Improvement from us, and ſhould teach u 
that he is a GOD of infinite Knowledge, for ſure He thy 
formed our Body underſtands Anatom, and He that male the 
Heavens, underſtands Aſtronomy, and He that made the By 
underſtands Optics, and He that makes the Herbs to grow, under. 
ſtands Botany, &c. that is in ſhort, Known unto GO D are all bit un 
from the Beginning, and they to whom he communicates the WW. 
greateſt Meaſures of Knowledge are accountable for their In, . 
provement. f be a 


ta SY — <a #_ _ WH4ct << wa a 


A Train of ſuch immenſe, and numberleſs Bodies, what le 
than an Almighty Hand could find Matter ſufficient for? an 
then compoſe ſuch magnificent Works, which by ininin 
Wiſdom, are ſer at ſuch due Diſtances from one another, xn 
to interfere, claſh with, or diſorder one another. Nay ſograt 
is their Diſtance, ſo convenient their Situation; that they & 


not ſo much as Eclipſe one another, except Secondary Planet 


In the Heavens we havean admirable 8 obſeruible 
throughout all the viſible Regions of the Univerſe in the u 
tual Aſfiſtances, and Returns, which one Globe affords the other, 
thus as the Moon gives us Light, we repay the ſame with ont 
many Times greater Gg. | Si 


„ = 1% mw ms — 4 ow” 


If the great Creator, and Contriver of the Univerſe, hut 
thus Model'd and Methodixzed this part, this Syſtem of it, when 
we live, and behold the Order thereof, no great doubt can k 
made, but the ſame infinite 'Wiſdom hath done the like in the 
other Syſtems : alſo that every Syſtem is ſet at a due Diſc 
from one another, and every Body in each Syſtem at its ia 
Diſtanee from their Sun or Fixed 3 | 


* 


and find that an iffinitely Wiſe and Kind, as well 8 
tent Being: was the Orderer thereof, for were theſe Glo 

always to ſtand Still, which owe both their Light and Heat d 
the Sun, in this Cafe, one Half of each — be dazled i 
parch'd with everlaſting Day, whilſt the other would be if 
volv'd in everlaſting Night and Darkneſs, and ſo agree to i 
state of np Animal or Vegetable, © | 


In the Planets revolving about their Axes, we may — 
Omni 
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As GoD's Works are manifeſt Demonſtrations of his Exi- 
ſterice, lo they are no leſs of his Perfections: particularly of 
his infinite Power, Wiſdom and Goodneſs. As every Workman 
is known by his Works, ſo the Heavens this Glorious Scene of 
GoD's Works, plainly demonſtrate the Eternal Creators infinite 
Wiſdom to contrive, his Omnipotency to make, and his immenſe 
Goodneſs, in being fo indulgent to all Creatures, as to Order 
all his Works for their Good. | 


Thus the Learned Apoſtle Paul argues, Rom. 1.20. © The in- 
« yifible Things of GOD are clearly ſeen from the Creation of 
the World, being underſtood by the Things that are made, 
© eyen his Eternal Power and Godhead. | | 


Of the ſame Faith was the Royal Pſalmiſt long before, Pſa. 90. 2. 
Before the Mountains were brought forth, © or ever he had 
« Formed the Earth or the World, even from everlaſting to 
« everlaſting, He is GOD. | | 


Hence we may infer, that there is a GOD, or Supreme Being, 
that this World has not been Eternal; but was Created by thar 
—— Being, who is Eternal, and exerciſes a continual Pro- 
vidence over the Creatures he has made. that he is not a neceſ- 
fary, but a free Agent, that he is Intelligent and Omniſcienr, 
that he is an Allwiſe, and that he is an All powerful Being, that 
he is Omnipotent, Immaterial and Immutable, that he is Good 
or Beneficenr, that he is a Spiritual, Living, and active Being, 
that he is but One, and that he is therefore the alone Supreme 
Lord and Governor of the whole Univerſe. l 


o Lord how manifold are thy Works, in Wiſdom haſt thou made them 
all, Pſalm 104. 28, . . 


Eti amſi omnia a Veteribus inventa ſint, tamen erit hoc ſemper nov Uſus & Die 
ſuis ind entorum ab alli. Seneca, Ep. 64. | h | 
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